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THE PROTEIN REQUIREMENTS OF CHILDREN FROM 
ONE TO TEN YEARS OF AGE* 


By Genevieve Stearns,} Katherine J. Newman,} J. B. McKinley,t 
and P. C. Jeans§ 


Department of Pediatrics, College of Medicine, State University of Iowa, Iowa City, Towa 


The studies reported here are a part of a 25-year investigation undertaken 
with the efficient aid of our nursing staff and of assistants and graduate stu- 
dents in our laboratory. The original study was designed to cover the period 
of growth and to determine the nutritional requirements at each age in re- 
lation to and as affected by the preceding period of growth and its nutrition. 
This discussion concerns the protein requirements of children aged 1 to 10 
years. 

With but 2 exceptions, our subjects under 2 years of age were children of 
students or staff or had been in our study ward since infancy. A few 2-year-olds 
were staff children; other than these, the subjects were loaned to us by or- 
phanages. Boys predominate heavily in the group, because boys predominated 
in the orphanage populations. The orphanage children were within average 
range for weight and height, but somewhat below the mean for Iowa City 
children,! a privileged group. Their general status could be listed as lower 
middle class. All children were housed in a separate ward with its own play- 
ground. The nursing staff was chosen primarily because of ability in handling 
infants and children with “motherly love and patience.” School and recrea- 
tional facilities were provided, and a serious attempt was made to duplicate 
the daily life and activities of a healthy American child as far as possible. 

Children from the orphanages were housed for a month or more before 
studies were begun, both to accustom them to their new surroundings and to 
adjust them to a higher protein diet than the average orphanage offered. 

Periods of quantitative study for young children were only of 3-day dura- 
tion, but were numerous; studies of infants had shown that physical restraint 
for longer than 3 days at a time decreases efficiency of utilization of food. 
Because of short periods of study, the constancy of collection is less accurate 
in these children and is compensated for by a larger number of studies. 

Older children were usually studied for 2 or 3 consecutive 5-day periods 
10 to 15 days after a change in dietary regimen. 

The studies were begun in 1930 and were carried on as opportunity offered. 
Each age was studied in at least 2 nonconsecutive series, so that inadvertent 
changes in regimen would not color the results. The data reported here 
include 458 studies of 51 children 1 to 4 years of age, and 481 studies of 67 

* The work reported in this paper was carried out largely during the period of a continua- 


tion grant from Mead Johnson & Company, Evansville, Ind. The authors are indebted to 
the National Institutes of Health, Public Health Service, Bethesda, Md., for a grant covering 


the expenses of preparing the data for publication. : oe : 
oD aent Be ae Department of Orthopedic Surgery, College of Medicine, State Uni- 


versity of Iowa, Iowa City, Iowa. : , 
{Present address: Department of Home Economics, Cornell University, Ithaca, N. Y. 


§ Deceased. 
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children 4 to 11 years of age. Emphasis has been placed on children under 
4 years of age because of the paucity of data in the literature for this important 
age range. 

Ficure 1 shows the mean caloric intake for the children studied. The 
blocks indicate the 3-year mean values given in the 1953 Recommended AlI- 
lowances2 It appears that the children’s mean caloric intake matched the 
Recommended Allowances very closely, although each child’s caloric intake 
was guided largely by his own appetite. FicurE 2 shows the mean protein 
intake, both as estimated from tables’ and as calculated from nitrogen analyses. 


3 _ Boys and Girls 
a ie eens 
Age in Years 


Ficure 1. Mean caloric intake of the children included i i " e 
- an ¢ n this study as compared to th 
Recommended Nutritional Allowances for this age range.” : : 7 


The 2 methods of estimation agree well. The mean protein intake of our 
subjects was well above that presently recommended by the National Research 
Council, Washington, D. C. Although protein intakes were graded, no 
child was knowingly put under the stress of a protein intake expected to be 
below maintenance requirement. On the other hand, no attempt was made 
to increase the protein intake above levels that the child would willingly 
ingest from common foods. The data cover the practical range of protein 
intake common to American children. 

Ficure 3 shows the mean protein intake as a percentage of total caloric 
intake. The range varied from 16 per cent for 1- and 2-year-olds to 13 per 
cent for 10-year-old boys, all sharply above Recommended Allowances. 4 
The requirement of a child for any given nutrient may be defined as the 
intake that will permit the rate of growth and development normal for the 
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child’s age. Unfortunately, no consensus exists as to the exact rate of growth 
considered normal. This rate is defined here as the mean growth of children 
not restricted in the intake of any essential nutrient and protected against 
adverse influences of environment. The protein requirement at any age 
will depend on the resultant of the rate of growth and the nitrogen content of 
each tissue at that age. These resultants are not necessarily reflected in the 
rate of growth of the body as a whole. The well-known slowing of growth in 
both height and weight that begins during the latter part of the first year and 
continues at a progressively slower rate to 4 or 5 years of age is not accom- 
panied by slowed growth of each tissue. Similarly, the steady growth through 


gm. 


ond Girls 


Ficure 2. Mean protein intake of children of this study compared with the Recom- 
mended Nutritional Allowances.2. The dots represent the protein intake as estimated from 
the United States Department of Agriculture Handbook No. 8;% the crosses represent protein 
intake calculated from nitrogen analyses of mixed diets. 


mid-childhood may not be accompanied by constant rate of growth of each 
single tissue. q mee 

The pattern of bodily growth changes conspicuously during the period o 
slowing growth. The rate of growth in length of the extremities is greater 
than that of the trunk. Such physical changes as these must be translated 
into terms of tissue growth to determine the child’s requirement for each 
eae single tissue of the body is the skeletal musculature. According 
to Scammon’s anatomical studies,’ skeletal muscle composes 25 per cent of 
the body weight at birth and throughout infancy. By or before 12 years of 
age, the quantity of skeletal musculature has increased to its adult proportion, 
that is, to about 45 per cent of body weight.* Thus, at some time during or 
perhaps throughout early and mid-childhood the musculature must grow at a 
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rate far more rapid than that of the rest of the body for its total quantity to 
increase at nearly twice the rate of increase in total weight. ; 

The rate of growth of other tissues is more difficult to measure. It is known, 
however, that considerable skeletal musculature can be sacrificed during periods 
of protein deprivation to prevent loss of protein from more important tissues. 
It can be assumed, therefore, that the protein requirements of other body 
tissues have been met if the skeletal musculature is well maintained. The 
rate of growth of the skeletal musculature will thus be the dominating factor 
in determining the protein requirement of children. 


© 
—§ 


Protein Intake as % Calorie Intake 


Boy 


2 4 
Ade in Years 


FicurE 3. Protein intake, as percentage of total caloric intake, compared with Recom- 
mended Nutritional Allowances.” 


Go or mee 


Urinary Creatinine 

Increasing knowledge of the influence of the liver and the kidney in the 
manufacture and excretion of creatinine has overshadowed the fact that, in 
the normal person, the amount of creatinine excreted in 24 hours still is an 
excellent measure of quantity of skeletal musculature.® It also has been shown 
that, despite the high creatine excretion of infants, their 24-hour urinary 
creatinine per kilogram of body weight remains constant throughout the first 
year of life. Also, the quantity of musculature of the infant, measured by 
quantity of urinary creatinine per kilogram, is consistent with the relative 
proportion of muscle to body weight in infancy, as observed by Scammon 
from anatomical studies. 

It seems highly probable that children over one year of age will show the 
same characteristics as infants; namely, that each age of childhood will have a 
characteristic range of quantity of musculature, varying with the body build 
of a given subject. This characteristic value of urinary creatinine per kilo- 
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gram daily for each age is chosen as representing the mean quantity of skeletal 
era normal for the age. The protein intake permitting the quantity 
of muscle characteristic for any age is considered the protein requirement for 
that age. 


pe) 
oO 


Creatinine mg/kg /day 
oO 


ie) 
so) eee 
B | ee SEG 8 8 9 1m | 
Age in Years 
NO. 
STunigs 83 IOS 108 72" 69539) 65) 48) 4167 


FicurE 4. Mean creatinine per kilogram for boys of each age group studied. The fine 
lines represent standard deviation for the given age. This figure indicates relative growth of 
the skeletal musculature in relation to total body growth. 


TABLE 1 
MeAN Datry URINARY CREATININE PER KILOGRAM OF Bopy WEIGHT 


Age Sex apoio ee ae ee Per | Standard deviation 
1 MF 83 ISHS) Beil 
2 MF 109 16.3 On2 
3 | MF | 105 17.4 2.5 
i M 72 18.3 2.0 
5 M 69 20.9 Dh 
6 M 39 20.9 2.0 
7 M 65 IPN: Dial 
8 M 48 Dips) 2.0 
9 M 41 24.7 1.9 

10 M 67 24.0 Dal 


In FIGURE 4 and TABLE 1 the mean 24-hour creatinine excretion per kilo- 
gram of body weight is shown for boys from 6 months to 11 years of age, ‘The 
figure indicates the relative changes in proportion of skeletal muscle to total 
body weight, for the age range considered. 

The excretion of creatinine during somewhat more than the first half of the 
second year is maintained at the same rate as that of the group of infants 
given undiluted cow’s milk, some of whom also were included in this study. 
During the latter part of the second year the excretion rises with almost star- 
tling abruptness. The mean excretion has increased over the infancy value 
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by about one third at the time of the third birthday. This remarkable in- 


crease in relative quantity of muscle occurs during the period of most marked 
slowing of growth in body weight and height. The growth of muscle accounts 
for about half the total weight gain for the year. The rate of increase slows 
somewhat after the third or fourth year, although the skeletal musculature 
continues to grow at a greater rate than the body as a whole until the child 
is about 9 years old when, diet permitting, the adult proportion of muscle 
to total body weight is reached. Girls at 10 years, the youngest age for which 
we have sufficient data, already have achieved approximately their adult 
proportion of musculature, which is somewhat lower than that observed for 


boys. 


ine) 
oO 


pe) 
oO 


Creatinine mg/kg/day 
a 


B | CESS SC.) CaS ee ml 
Age in Years 


FicurE 5. Rate of increase in creatinine per kilogram with increasing age as shown by 
different children. 


If the protein intake does not permit muscular growth at the rate shown, 
the child does the best he can with the protein provided him. A protein 
intake above those used here does not increase the quantity of muscula- 
ture significantly. The exact age at which increased rate of growth of muscle 
begins, and the rate at which it proceeds in the young child vary considerably 
from subject to subject. The creatinine excretion of many of our very young 
subjects was followed for periods of from 6 to 20 months; that of a few children 
was studied again after a lapse of 2 or 3 years. The rate of increase in per 
kilogram creatinine excretion is illustrated for the different children in FIGURE 
5. For most of the subjects only the curve showing the rate of increase is 
shown. The actual maximum range of values for the separate studies is shown 
as circles for the youngest child, who came to us definitely undermuscled, 
though of normal weight, and increased his quantity of musculature very 
rapidly. The variation of values noted from study to study in this child 


illustrates the commonly observed variation in “constancy” among infants 
and very young children. 
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The slope of the lines of creatinine increase per kilogram of weight for each 
of the several children shows that, when protein intake is ample, both the age 
at which the skeletal musculature begins to grow more rapidly than the total 
body growth, and the rate of increase in muscle growth vary with the individual 
child. Each child studied exhibited this increase in rate of growth of muscle 
before 24 months of age. Some of the children appeared to have a period of 
very rapid muscular growth that slowed as sharply as it began; others showed 
a slower rise that continued for a longer period. It is certain, however, that 
the period from 18 months to 3 years and, perhaps, to 4 years of age is the 
period wherein growth of the skeletal musculature is most rapid in relation 
to total body growth. 

It is perfectly natural that growth of musculature should proceed in this 
manner. The child learns to walk at about 1 year of age. By 18 months of 
age he spends many of his waking hours on his feet. Muscles of the back, 
buttocks, and legs must strengthen greatly. The stimulus to growth is pro- 
vided, if food permits it. As his legs grow in length and his center of gravity 
is progressively farther from the floor, more muscle must be developed to 
maintain posture and permit activity. It is well that this period of increased 
rate of growth of muscle be completed before the period of rapid circumpuberal 
growth begins. The child will then need all of the protein he can retain for 
body growth, without the additional burden of incompleted musculature. 

If the period of slow body growth is the period of most rapid growth of 
muscle tissue, it seems obvious that protein requirement will be high during 
this age range—probably as high as during infancy. It will be relatively 
high throughout the entire period wherein muscle growth is more rapid than 
total growth. The actual requirement at any age will vary with the rate of 
growth of muscle and with the child’s efficiency of utilization of his intake. 

Nitrogen was well absorbed at every age studied. The mean fecal nitrogen 
remained almost constant at about 11 per cent of the intake throughout the en- 
tire age range reported here. The nitrogen absorbed, but not retained, is ex- 
creted in the urine. 

The various levels of protein intake were obtained largely through adjust- 
ment of the milk intake, substituting nonprotein calories for milk, as is com- 
monly done in families. 

The retention of nitrogen with increasing intake is shown on a per-kilogram 
basis for children 1 to 4 years of age in FIGURE 6 and in TABLE 2. For compari- 
son, mean retention values are shown for infants given a similar range of intake. 
Mean retentions for 1-, 2-, and 3-year-olds are shown by separate symbols, 
averaged for each 50 mg. of increase in intake of nitrogen. No significant 
difference in retention for any given intake can be noted among the children 
of these 3 ages. The line of mean retention is drawn through the means for 
all data for each 25-mg. increase in intake. Standard deviation from the mean 
is shown in TABLE 2. 

FicurE 6 shows that the retention of nitrogen by young children is some- 
what smaller and less steady than that of the infants given comparable intakes. 
It also shows that small children retain very little of a low nitrogen intake, 
but the retention rises rather sharply between 400 and 500 mg. nitrogen intake 


864 Annals New York Academy of Sciences 


300 CHILDREN 1-4 YEARS 


Nitrogen Retention 
mg./ kg / day 


ie) 
200 300 400 500 600 700 800 900 1000 mg N 
ee SS SS SSS eS ee 
15 2 F238) 3 35 4 45 5 55 6 gm protein 
yrs Daily Intake / kg /day 
No 1-2 0 6 20 438 25 3% 26 1. 222 a 4 
studies 2-3 A 7 19 26 35 26 ya) a) 1 2 { 
34 A 7. 5 17 14 16 30 18 5 ie) ie) te) 
Totol 9° 7 18 56 78 74 97 65 31 26 6 5 


Figure 6. The retention of nitrogen per kilogram daily in relation to increasing per kg. 
intake. Data for infants are shown as broken lines; those for children from 1 to 4 years are 
shown as solid lines. The symbols differ for each year of age. The mean retention values 
were obtained by averaging the retention data for all 3 age groups for each 25 mg. of increase 
in intake. 


TABLE 2 
MEAN RETENTION OF NITROGEN IN RELATION TO INTAKE: 
CHILDREN ONE TO FouR YEARS OF AGE* 
(Data as Milligrams per Kilogram Daily) 


One-year-olds Two-year-olds | Three-year-olds | Summary 
Intake range 
No. I R No. I R No. I R No. IT R SD 

200-299 7 | 265 8 7 | 265 8 24 
300-349 2 || sieht 11 1 | 348 18 1 | 318 | 54 4 | 336 23 19 
350-399 4 | 389 42 6 | 388 2M) 4ST 9al 32 14 | 386 30 24 
400-424 6 | 411 44 7 | 410 44 5 | 418 | 48 18 | 412 45 24 
425-449 14 | 441 81 13 | 439 56 | 12 | 439 40 39 | 438 61 36 
450-474 14 | 463 85 11 | 466 66 9 460 | 100 34 | 463 83 49 
475-499 | - 24 | 485 91 14 | 484 90 5 | 480 81 43 | 484 88 40 
500-524 NZ W fey || ab lg 24 | 510 | 105 5 | 509 77 41 | 506 | 103 44 
525-549 LT Soon ele LEP oSo |) So i) Ula soem ed So 4555 H) LOS 40) 
550-574 PAN sey |) alle) 16 | 565 88 | 13 | 559 | 106 SU 502 1elOZ 53 
575-599 15 | 584 | 128 10 | 591 89 | 17 | 586 | 105 42 | 586 | 109 40 
600-624 ZN OLS le L260 Olea elie 9 | 614 | 106 41 | 613 | 119 43 
625-649 5S | 640 | 110 10 | 638 | 105 9 | 635 | 104 24 | 637 | 106 35 
650-699 15 | 678 | 182 11 | 674 | 146 5 | 657 | 145 ol || Wyss |) alice fis 
700-749 UGS || UPAR || Diline 4 | 705 | 168 22 205 58 
750-799 9 | 769 | 220 9 | 769 | 220 54 
800-899 ANE SS 1 ("225 2 | 850 | 184 OP S3Sa) 2 eet 
900- 4 |) 955 | 381 1 | 974 | 210 2 1/959) |) 347 107 
Totals 194 152 ie 458 

* Symbols: No. = number of studies; I = intake; R = retention; and SD = standard 


deviation of retention, 
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(2.5 to 3 gm. of protein) per kg., then apparently reaches a plateau, only to 
show a second rise when the intake is increased above 650 mg. (4.0 gm. of 
protein). It is emphasized that these data refer to intakes attained volun- 
tarily by children given dietary regimens consisting of common foods normally 
eaten by these age groups. The intake of protein foods was not forced, nor 
was the diet “stuffed” by the addition of special proteins. Few of the children 
consumed amounts of protein over 4.5 gm./kg./day. 

Nearly 80 per cent of the data lie between intakes of 450 and 650 mg. of 
nitrogen (2.75 to 4 gm. of protein) per kg. body weight. The mean retention 
for this entire group approximates 110 mg./kg. with a range of (approximately) 
70 to 150 mg./kg. These retentions of nitrogen were adequate to permit 
growth of the skeletal musculature to the levels shown in FIGURE 4. An 
intake of 3 gm. of protein per kg. is considered the minimum permitting a 
satisfactory retention of nitrogen for children 1 to 4 years of age. An intake 
over 3.5 gm./kg. is no longer economical. An intake between 3.0 and 3.5 


150 
CHILDREN 4-II YEARS 
c 
° 
==> 
§8'00 
o™ 
xm 
c= 
on 
3e50 
= Pie 
r@) —_— = 1 4 1 ——— {he 1 
200 300 400 500 600 700mg N 
15 2 25 3 35 4 gm. protein 
Nirogen Intake mg/kg /Day 
NO.STUDIES 4 4 12 39 22 If 53 30 47 29 54 37 29 37 29 29 7 


FicurE 7. Retention of nitrogen per kilogram daily in relation to increasing per-kilogram 
intake; data for children 4 to 11 years of age. The mean retention is determined by averag- 
ing all retention data for each 25 mg. of increase in intake of nitrogen. 


gm./kg., or approximately 1.5 gm./lb., seems a safe allowance for children 
1 to 4 years of age. 

The curve of mean per kilogram nitrogen retention of 4-year-olds given 
increasing amounts of protein differed significantly from that of children under 
that age. Children 4 through 10 years of age showed no significant differences 
in mean quantity of retention for a given nitrogen intake. Therefore, the 
data for all children 4 through 10 years have been combined, and the mean 
retention per kg. daily is shown in relation to increasing per-kg. nitrogen 
intake in FIGURE 7. TABLE 3 separates the data into 2 groups; children 4 to 
7 and 7 to 11 years, respectively. The last column shows the data for the 
combined groups. 

Except for one group of 24 studies of 5-year-olds, whose mean nitrogen 
intake was 309 mg./kg., data for the 4- to 7-year-old children lie predominantly 
between 475 and 600 mg. of nitrogen per kg. of body weight. The nitrogen 
intake of children 7 to 11 years of age is distributed more evenly; about 80 per 
cent is between 325 and 525 mg./kg., with the total range of 225 to 661 mg./ 
kg. With increasing protein intake, nitrogen retention of the 4- to 11-year- 
old children tended to increase stepwise, as did that of the younger group. 
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All showed some evidence of resisting loss of nitrogen at low intakes, though 
the data are insufficient to be conclusive in either group. The retention of the 
older group leveled off at 46 mg. of nitrogen per kg. of body weight between 
intake of 300 and 400 mg. of nitrogen per kg. of body weight (about 2 to ies 
gm. of protein). With increasing intake of nitrogen, retention rose steadily, 
but at a slower rate than that observed in the young children. The second 
retention plateau at 100 mg. of nitrogen per kg. was achieved at intakes 


TABLE 3 
MEAN RETENTION OF NITROGEN IN RELATION TO INTAKE: 
CHILDREN Four TO ELEVEN YEARS OF AGE* 
(Data as Milligrams per Kilogram Daily) 


Four- to 7-year-olds Seven- to 11-year-olds Four- to 11-year-olds 
Intake range 

No I R No I R No. I R SD 
200-249 2 245 31 2 227 —1 4 236 15 20 
250-299 6 267 22 10 273 23 16 270 23 on 
300-324 33 309 40 6 310 65 39 310 52 28 
325-349 6 340. 54 16 339 21 22 340 38 24 
350-374 3 363 42 15 365 33 18 364 37 26 
375-399 5 389 68 47 385 sii yl 387 53 29 
400-424 7 416 72 24 410 53 SL 413 62 41 
425-449 9 441 63 37 437 67 46 439 65 37 
450-474 6 460 71 23 463 67 29 462 69 47 
475-499 28 487 83 26 488 iS 54 488 78 38 
500-524 26 SHS) 90 10 508 105 36 a be 98 39 
525-549 15 537 73 14 537 104 29 537 | 89 34 
550-574 30 | 558 89 S| 55419119 We $8 P5565) 102 at 
575-599 20 585 116 9 588 | 108 29 587 112 35 
600-649 19 619 105 10 620 101 29 620 103 27 
650-699 6 663 101 1 661 144 #6 662 123 17 
700-— 12 715: W180 1), TI5.99 130 

Totals 222, 259 481 
* Symbols: No. = number of studies; I = intake; R = retention; and SD = standard 


deviation of retention. 


above 525-mg./kg. (3.5 gm. of protein per kg.), or about the same intake 
level as was necessary to provide 100-mg. retention for the young children. 

When the retention curves for the 2 groups are compared, the chief differences 
observed are the increased retention of the older group as compared with the 
younger at intakes below 400 mg. of nitrogen per kg. of body weight, and their 
relatively slower rate of rise as intake increased over 400 mg./kg.; this made 
establishment of a precise requirement more difficult. 

The relative rate of growth of musculature for children 4 to 10 years old 
still is greater than rate of growth of the body as a whole, although the difference 
in rates diminishes as the child approaches 9 years. On the other hand, annual 
rate of body growth is somewhat more rapid after 5 years, so that total growth 
of musculature is still rapid. In addition, these are the kindergarten and early 
school years, during which the common contagions are prevalent and the 
child develops his immunities. Bed rest alone lowers the retention of nitrogen, 


Stearns ef al.: Protein Requirements of Children 867 


and loss may be heavy during a febrile illness. Such loss of protein tissue is 
regained far more slowly than it is lost. Return to prior weight may not be 
synonymous with return to previous quantity of protein tissue. Again, it 
appears wise to keep the requirement generous. 

Each 100-mg. rise in intake from 300 to 600 mg./kg. includes about one 
third of the total data. The mean retention of those given 300 to 400 mg. 
was 46 mg./kg. One half of the children retained less, and one sixth retained 
less than 16 mg./kg. These less efficient children in this age range may suffer 
if the intake is limited to 2 to 2.5 gm./kg. 

It is known that the orphanage diets provided protein in the amount of 
about 2 to 2.5 gm./kg./day. The children came to us with poor musculature. 
Those under 7 years maintained excellent musculature with dietary protein 
of 3 gm./kg. The children given 3 gm. of protein per kg. of body weight 
(slightly less than 500 mg. of nitrogen per kg.) retained an average of about 80 
mg./kg./day. Two thirds of the group retained more than 45 mg./kg. A 
protein intake of 3 gm./kg. is easily achieved. Three glasses of milk, needed 
also for its calcium, one serving of meat of a size for the child’s age, and 1 egg 
daily, together with the cereals and other vegetable proteins customarily 
eaten, will provide 3 gm./kg. for the younger children and 2.5 gm./kg. for 
the 9- and 10-year-olds. If the older children have the common after-school 
lunch of a glass of milk and a peanut-butter sandwich in addition to their 3 
meals, their protein intake will reach 3 gm./kg./day. 

An intake above 3.25 gm./kg./day is uneconomical for this age range. An 
intake of 3 gm. of protein per kg. for the 4- to 7-year-olds, decreasing gradually 
as the child grows older but keeping well above 2.5 gm./kg./day, will permit 
maintenance of growth of muscle and allow sufficient protein for recovery 
from such exigencies as febrile and other illnesses common to children. The 
children studied have shown no evidence that protein intake levels of 3 gm./kg. 
or more have any deleterious effect. We see no objection to maintenance of 3 
gm. of protein per kg./day for the active school child. It is insurance against 
deleterious influences, and permits him to endure the stress of rapid circum- 
puberal growth without any added stress of nutritional deficiency. As pro- 
tein foods are carriers of so many of the other nutrients essential for good health, 
generous use of protein is the cheapest nutritional insurance we can buy for 
children. Our evidence indicates overwhelmingly that such a diet is highly 


beneficial. 


Summary 


The skeletal musculature grows far more rapidly than the body as a whole 
from the age of 18 months to 9 years, or later if protein intake is insufficient 
to permit achievement of adult proportion of muscle to body weight by that 
age. Growth of muscle is most rapid during the preschool years, when weight 
gain is slow but type of body growth is changing and the extremities are 
growing more rapidly than the trunk. During those early years it appears 
advisable for the child to receive daily 3 to 3.5 gm. of protein per kg. of body 
weight; such an allowance permits good growth of musculature. ; 

As the child grows older, if good nutrition has been maintained the differences 
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in rate of muscle growth compared to rate of total body growth become less. 
Protein allowances decreasing gradually from 3 gm./kg., but remaining above 
2.5 gm./kg. will permit achievement of adult proportion of skeletal muscula- 
ture to total body weight by or before 10 years of age. 

The years from 4 to 10 are those wherein incidence of febrile illness is highest, 
so protein allowance must be large enough, not only for normal growth, but 
also to permit rapid recovery of muscle and other tissue inevitably lost during 
illness. A generous allowance permits better growth and maintenance of 
body tissue, and more adequate defenses against illness. Children so main- 
tained exhibit abundant health. 
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PROTEIN NEEDS OF CHILDREN: A PRELIMINARY REPORT 
OF STUDIES OF INDIVIDUAL DIFFERENCES* 


By H. C. Stuart, B. S. Burke, R. B. Reed, and I. Valadian 
The Department of Maternal and Child Health, Harvard School of Public Health, Boston, Mass. 


Children differ widely among themselves at any age in all aspects of health, 
growth, development, and adaptation. Many of these variables are known 
to affect protein as well as other nutritional needs, but little is known about the 
extent to which these factors do so, age by age, individually or collectively. 
Levine’ has reviewed the principal factors on which a child’s needs depend. 

It is difthcult to individualize the application of recommended allowances. 
The problem of recognizing those children whose protein needs are high or 
low because of basic attributes, or those who temporarily have such needs for 
special reasons, is difficult because frequent measurement of such needs in the 
laboratory is impracticable and because the early signs of unmet needs are 
nonspecific. Accurate clinical observation or measurement of those features 
of growth and development that are known to influence protein needs is like- 
wise difficult. 

This paper deals with a limited aspect of a project that has been in progress 
at the Department of Maternal and Child Health over the past 26 years under 
the title of “Longitudinal Studies of Child Health and Development.’? In 
this project, individual children have been followed periodicallyt in a multi- 
disciplinary manner from birth to 18 years of age, including limited studies of 
the mothers during the pregnancies and, thereafter, of the families and en- 
vironments. Two hundred and thirty-two children were followed from birth 
to 6 or more years, 134 of these being followed to 18 years. The staff is now 
involved with the analysis of the extensive data in hand and in preparing both 
monodisciplinary and multidisciplinary reports of the findings. Primary 
emphasis is being placed on the recognition of individual difference throughout 
entire childhoods, in patterns of growth and development on the one hand and 
in dietary intakes, illness experiences, and environmental circumstances on 
the other, as well as upon identifying interrelationships between these data. 

This paper constitutes a preliminary report on one small aspect of the 
research described, and it does so primarily from the standpoints of exploring 

* The research project from which the studies reported in this paper are derived has been 
supported in various aspects and in different years by grants from many sources. The major 
support for the areas of research dealt with here has been provided by: The General Education 
Fund of the Rockefeller Foundation, New York, N. Y. (1933 to 1943); The James Foundation 


rey » York, N. Y. (1944 to 1949); The Nutrition Foundation, Inc., New 

a NY. C845 to date); and the Research Grants Division of the Public Health Service, 
Bethesda, Md. (1947 to date). ; ; : nee 

+ The routine followed provided interval histories and a series of examinations at birth, 

2 weeks, 3, 6, 9, and 12 months of age, and every 6 months to 10 or 12 years, and yearly there- 

after. The data regularly collected included body measurements, photographs, roentgeno- 

grams of several areas, pediatric, orthopedic, and dental evaluations, hemoglobin determina- 

tions, histories of illness experiences, dietary intakes, habits, activities, and psychosocial 

problems. Psychological tests and other special examinations also were included less regu- 

larly. Basal metabolic determinations were made only during the early years, and no bio- 


chemical or nitrogen-balance studies were included. 
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methodologies for evaluating longitudinal data and for studying interrelation- 
ships. It is concerned specifically with identifying relationships between 
size and growth progress and dietary intakes of calories and of total protein. 
These relationships are studied in individual cases, in respect both to continuing 
characteristics and to recognizable deviations at particular periods. The data 
selected for these purposes from the records in hand are: 

(1) Direct measurements of body weight throughout, of length to 5 years, 
and of height thereafter. 

(2) Measurements of breadth of subcutaneous tissue and of muscle at the 
widest breadth of the calf as obtained from anteroposterior roentgenograms. 
Ficure 1 shows an anteroposterior roentgenogram of the leg with lines indi- 
cating the standard locations for obtaining the measurements of length of 
tibia, breadth of bones, breadth of muscle, including bone shadows, and breadth 
of the 2 widths of overlying skin and subcutaneous tissues.* 

(3) Assessments of skeletal age according to the method of T. W. Todd, 
using roentgenograms of the hand and based on the norms published by 
Greulich and Pyle.‘ * 

(4) Recorded age of maximum growth and of menarche in girls. 

(5) Evaluations of usual daily intakes of calories and of total protein during 
each interval between examinations. 

In subsequent reports it is planned to utilize additional data in search of 
other attributes that may be associated with characteristic differences in pro- 
tein needs. These may include other body measurements and photographs 
to permit further consideration of the influence of body build, more detailed 
consideration of increments of growth, calculations of volumetric proportions 
of different tissue components, histories of illnesses, hemoglobin values, and 
selected items from pediatric, orthopedic, or dental examinations. Work is in 
progress along several of these lines. 


Dietary Histories and Their Assessments® 


Detailed histories of customary food intakes of each child enrolled in this 
study, covering each interval between examinations, were taken by one of 
the authors or by a specially trained nutritionist under her supervision. These 
histories provide quantitative estimates of average daily consumption of each 
category of food, amounts being reported in terms of common household 
measures. They were taken from the mother during the early years and, there- 
after, directly from the school child or adolescent. Similar histories were 
taken at trimester intervals from the mother during the pregnancy concerned. 
Information was obtained, both on written forms brought to the clinic and by 
detailed questioning at interviews, at which a double approach was used to 
provide a check for inconsistencies. 

These histories have been assessed for each child, covering each age interval 
as to amounts of calories, protein by principal sources, and individual minerals 
and vitamins. It is now possible, therefore, to recognize differences between 


* 
These assessments were made by I. Pyle, co-author of the atlas used for standards of 
reference,* to whom the authors are indebted. 
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children in over-all patterns of intakes throughout childhood, as well as in- 
consistencies or unusual shifts in intakes at special age periods in individual 
cases. Plans are being made for further analyses of these records of food 
protein intakes in respect to amounts of protein from various sources having 
qualitative differences. 


Ficure 1. Roentgenogram of the leg area showing the method used for obtaining meas- 
urements of the breadth of subcutaneous tissue and of muscle in the calf of the leg. 
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The estimation of food intakes from dietary histories is subject to numerous 
errors, the most important of which is the accuracy of the reporting. The 
brief statement of the method adopted in this research indicates some of the 
precautions that have been taken to assure reasonable accuracy. Two of the 
authors have made tests of the reliability of the method adopted.* Satisfactory 
consistency in reporting has been found in comparing histories given in suc- 
cessive years by the same person. It is recognized that mother’s histories 
may be consistently incorrect, but it has also been found that the report of 
intakes correlates with changes in growth progress. 

It is appreciated that dietary intakes, no matter how accurately they may 
be reported and calculated, do not establish actual needs. Inadequate intakes 
may be reflected in nonspecific clinical signs as well as slowed growth and lack 
of soft tissues, but these effects may not be recognized and, if recognized, they 
are still not specific. Excessive consumption of protein, associated with ade- 
quate caloric intake from other sources, may contribute to increasing obesity. 
It appears, however, that from the careful study of individual children over 
long periods, noting the ups and downs of growth and the levels of food intakes, 
indications may be obtained as to the probable extent to which intakes do or 
do not reflect actual needs, and limited inferences may be drawn. 


Case Studies 


Data derived from studies of 2 boys followed from birth to 18 years are 
presented in this preliminary report by means of charts. On the one hand, 
these data relate to physical growth and development and, on the other, to 
dietary intakes; they are plotted against selected standards of reference de- 
scribed in the presentation of the first case. An attempt is made to identify 
for each child his characteristic patterns of progress by noting the consistency 
with which he expresses his basic constitutional attributes and to distinguish 
deviations or irregularities suggestive of some factors interfering with expected 
progress. The fact cannot be overlooked, however, that consistently inap- 
propriate progress may result from continuing nutritional fault or ill health. 
Comparisons of protein intakes by age with growth by age will be the principal 
focus of attention. The effects of illness experiences on these relationships 
are to be explored in a later report. 

Case No. 49. FiGure 2 shows a composite chart on which the measurements 
at all ages of weight, length to 6 years, height from 6 years, breadth of sub- 
cutaneous tissue, and breadth of muscle are plotted against percentile distri- 
butions and on which age of maximum growth is recorded. The norms for 
weight and length to 6 years were derived from the research being described; 
those for weight and height after 6 years are taken from norms provided by 
Meredith.” The norms for the 2 breadths were also based on the present 
studies.’ Skeletal age in the hand is plotted against chronological age assessed 
in the manner described.4 

The boy whose growth curves are shown in FIGURE 2 was above average in 
length and weight at birth (weight 81476 Ibs., length 51.6 cm.). He grew 
in height steadily, remaining between the fiftieth and seventy-fifth percentiles 
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to 12 years. His rate of gain in height then accelerated so that he was at the 
ninetieth percentile by 13, and near the ninety-seventh at 15 and 16, and then 
tapered off to the ninetieth by 18 years. The weight chart for this boy shows 
considerably more shift in position over the years than did the chart for height. 
His weight fell somewhat behind during the first 2 years, then was more steady 
but reached a low at the twenty-fifth percentile at 614 years, and remained 
well behind height at all ages to 10 years. From that point it climbed steadily 
in the range, reaching the ninetieth percentile by 14 years, approximating the 
same position as height at that time. Between 15 and 16 years the boy be- 
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FrcurEe 2. Composite chart for Case No. 49. 


came definitely overweight, but he thinned thereafter under voluntary dieting. 
This boy’s adolescent acceleration, with early termination of growth in height 
and weight, coincided with a moderate advancement in skeletal development. 
His skeletal age fell behind to about 6 months of retardation at 5 years, then 
rose to near average at 7 years, remained near average to 13, and climbed 
thereafter to about 1 year of advancement at 16 years. 

The measurements of skin and subcutaneous tissue as plotted in FIGURE 2 
reflect the major fluctuations in weight, being approximately at the ninetieth 
percentile at 1 year, near the tenth from 2 to 8, climbing to the ninetieth at 15 
and well above it by 16. The measurements of muscle breadth, plotted simi- 
larly, indicate that, except in the first 2 years, this boy always had relatively 
large muscles in the leg, being at about the ninetieth percentile from 5 to 13 
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and well above it from 14 to 16 years. The latter increase in muscle breadth, 
‘n association with manifest obesity, may have been due in part to infiltration 
of muscle with fat. . 

Summarizing the findings in FIGURE 2, this boy was long and heavy at birth, 
moderately tall and relatively thin in late infancy and childhood, and then 
became relatively taller and progressively more heavy throughout adolescence 
up to 16 years. From photographs and clinical observations it was apparent 
that much of the change in his measurements reflected the development of a 
more stocky or mesomorphic build. However, he did have a large component 
of endomorphy in his build at 18 years and he became definitely obese for a 
short period centering around 16 years. None of this boy’s illnesses appear 
to have been of sufficient severity or duration to suggest appreciable influence 
on his progress. In respect to his habits of physical activity, he appears to 
have been rather inactive during the early years and, for a boy of his build 
and excellent muscular development, he had surprisingly little interest in 
active sports during his second decade. It seems proper to conclude that 
during much of adolescence he was unusually inactive. 

One might anticipate that an individual such as the boy described would 
have had relatively large protein needs at all ages because of his large size, 
but more so during adolescence because of more rapid growth, particularly of 
muscle tissue. One also might expect his needs for calories to be somewhat 
high. As to his actual intake of calories, one might suspect that they had 
been moderate and possibly low at times between 2 and 8 years, increasing 
progressively thereafter, and becoming excessive between 14 and 16 years. 

The dietary records indicate that the mother’s diet throughout pregnancy 
was good to excellent; her protein intake averaged 73 gm., but at times calories 
were excessive. 

FicuRE 3 shows a preliminary distribution of calories and of protein from 
ages 1 through 6 years for the boys followed in this research. The most 
striking feature of these distributions is the wide range of variability at all 
ages. In each instance some boys consumed more at 2 years than others at 6 
and, at every age, some took twice as much as others. It is also of interest 
that in each distribution the range increases with advancing age, with the 
exception of’a range slightly wider between 1 and 2 years than between 2 and 
3 years. ‘This figure shows that the caloric intake of the boy under considera- 
tion rose rapidly during the period from 1 to 6 years, starting below the fiftieth 
percentile and rising above the ninety-seventh. The boy’s protein intake 
started above the fiftieth and rose to the ninety-seventh percentile during the 
same period. 

FicurE 4 shows the calorie and protein intakes of this boy by years of age 
from 1 to 18, plotted against the recommended allowances of the National 
Research Council, Washington, D.C.. The line for the latter is drawn through 
the allowances plotted at the midpoints of the age periods to which they apply. 
It shows that his estimated intakes of both calories and protein were nearly 
double the allowances at 8 years and remained extremely high throughout. 
The peaks of intakes from 14 and 16 years coincided with his greatest growth 
and period of obesity. The findings, therefore, follow in general the expected 
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pattern of change, but intakes at all ages were much higher than expected, 
especially during the preschool and early school years when weight gain was 
lagging. 

This boy and his mother were both extremely cooperative in giving informa- 
tion and took their responsibility toward the study seriously. No scheduled 
examination between his birth and 18 years was missed. Therefore, it is hard 
to conclude that the histories of his eating practices were greatly and con- 
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Ficure 3. Calorie and protein intake for Case No. 49, plotted against percentile distri- 
butions for group aged from 1 to 6 years. 


sistently exaggerated. It appears that his tolerance for calories and protein 
was relatively high for his age, for intakes were high even when he was rather 
thin in the early school years. It seems necessary to conclude that either he 
was able to consume over long periods far more calories and protein than he 
needed without getting fat or that he needed more of both than the recom- 
mended allowances of the National Research Council would have provided 
on an age basis. This would still apply even if full corrections were made on 
the basis of his height age or skeletal age. The case provides an example of 
individual variation in food patterns constantly high throughout childhood, 
associated with somewhat similarly unusual patterns of growth. 
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Ficure 4. Calorie and protein intake for Case No. 49 plotted against National Research 
Council standards. 
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Ficure 5. Composite chart for Case No. 178. 
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Case No. 178. The boy whose composite chart is shown in FIGURE 5 con- 
trasts strikingly with the previous case in almost all the attributes portrayed, 
but the chief difference is in respect to size. He was very consistently at or 
below the third percentile for weight and subcutaneous tissues from 1 to 14 
years, and between the third and tenth for height from 5 14 to 14 years. His 
muscle breadth was near the tenth from 2 years on. The only substantial 
exceptions to his being small were that at birth he weighed 8 pounds and was 
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Case No. 178 from Harvard School of Public Health study 
of child health and development 
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FicurE 6. Calorie and protein intake for Case No, 178 plotted against percentile dis- 
tributions for the group aged from 1 to 6 years. 


49.4 cm. in length, but the latter measurement was near the average through 
the first 6 months. Also, both height and weight climbed moderately in 
percentile position between 14 and 18 years. eee ; 
The histories of the mother’s prenatal diet were rated ‘‘fair” in protein. 
The baby was very slow in regaining birth weight, and the problem of Teed- 
ing him was considered difficult throughout the first year. He conte 
to be finicky about eating and to refuse many foods until his ninth Mee 
his appetite was usually considered “poor, or at best “fair.” Tonsillar Bee 
tions led to a recommendation for a tonsillectomy at 3 years that was not 
carried out until nearly 7 years. The whole period from 3 to 12 years was charac- 
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terized by recurrent respiratory infections, some of which were severe in char- 
acter. 

Ficure 6 shows that this boy’s intakes of calories and protein from 1 to 6 
years were very low in relation to the percentile distributions for the group 
under study. Although his calories did rise from the tenth to the fiftieth 
percentile between 1 and 5 years, protein intake never reached the tenth during 
these years. FrcurE 7, however, shows that his calories were never above 
the levels recommended by the National Research Council except from 3 to 5 
years and, at times, they fell considerably below them. His protein intakes, 
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however, were much more strikingly below these allowances at all ages to 14 
Ne particularly low in respect to his own earlier and later intakes 
rom 5 to 12 years. Thereafter they rose steadi 
é se s ily to above the st 

fom \ andard after 

Between the ages of 9 and 10 years this boy, according to his mother began 

at « - } ‘ 

to manifest an improved appetite, and at 14 years he was reported as enjoyin 
his meals and eating much more than formerly. : 
This case appears to represent a consistently small child with weak potential 
or growth. These features would lead to the expectancy of low calorie and 
protein needs, and his intakes were generally low. During the years of his 
particularly low protein intakes his skeletal development was delayed ans 
measurements of weight and soft tissues likewise fell behind. 
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Summary 


The problems involved in estimating the long-term protein intakes of 
individual children and the possible relationships of these to the children’s 
patterns of growth and development and to their particular needs have been 
considered. 

Opportunities now available to the authors to view total childhoods in 
respect to growth and nutrition have been described briefly. Studies of two 
boys have been presented, using data obtained periodically over 18 years in 
each case. These data were acquired chiefly by a pediatrician and a nutri- 
tionist and were evaluated by a statistician. The data shown relate to each 
child’s growth and development, on the one hand, and to his intakes of calories 
and protein on the other, as well as to possible relationships between these 
variables. Certain methodologies have been described for use in evaluating 
longitudinal data that have been found to assist in the recognition of differences 
between children and similarities or differences from age to age for the same 
child in levels of intakes of protein and calories and of patterns of growth and 
development. 

In initial case studies it has been found that selected children tend to have 
characteristically high, moderate, or low intakes of both protein and calories, 
sometimes being very consistent in this over long segments of childhood. One 
of the cases discussed was able to consume levels of calories and of protein 
far above recommended allowances, while remaining relatively inactive and 
maintaining low weight for height, excellent health, and a steadily high level 
of progress in growth. This boy became obese only for a short period late 
in adolescence, during which his formerly high levels of intakes were greatly 
increased. 

In contrast, the second boy was always small and he continually consumed 
small intakes of both calories and protein. Both of these intakes were very 
low in comparison with the group from this study and protein was particularly 
low in respect to National Research Council allowances. The latter applies 
chiefly to the ages 6 to 12 years. Progress in skeletal development became 
slowed during this period. There were numerous clinical indications that his 
health was only fair during these years, and he manifested generally lowered 
resistance to infections. 

There do appear to be recognizable relationships in the cases presented 
between over-all patterns of growth and characteristics of calorie and protein 
intakes. No inferences can be drawn as to the significance of demonstrable 
deviations in progress associated with changes in levels of protein intake 
until the entire series has been studied. However, intriguing fluctuations 
occurring concurrently in growth and food intake suggest that further studies 
along these lines are desirable. _ 

Individual differences in the characteristic levels of calorie and protein 
intakes appear to be wider than had been anticipated, to the extent that rec- 
ommended allowances often bear only remote relationships to the customary 
intakes of selected individuals. 

This paper is not concerned with basic protein needs of populations of 
children by age or otherwise. The authors have used dietary intake histories 
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as a part of the broad study of human variability in childhood. They have 
pointed out only the wide discrepancies between individual intakes and rec- 
ommended allowances. They have not been interested in the critique of 
recommended allowances for average children. 


These findings suggest that it may be more appropriate to consider the 


adequacy of an older child’s intakes in terms of his previous customary levels 
of intakes while enjoying good health, or in terms of his progress in growth, than 
in relation to standard allowances. 


Nore 


“I Ov ty Ge GS 


References 


. Levine, S. Z. 1945. Protein nutrition in pediatrics. J. Am. Med. Assoc. 128(4): 283. 
. Stuart, H. C. & Starr. 1939. Studies from the Center for Research in Child Health 


and Development, School of Public Health, Harvard University. Mongr. Soc. Re- 
search in Child Development. 4(1). 


. Stuart, H. C. & E.H. Soper. 1946. The thickness of the skin and subcutaneous tissue 


by age and sex in childhood. J. Pediat. 28(6): 637. 


. GrEuLicH, W. W. & I. Pyzte. 1950. Radiographic Atlas of Skeletal Development of 


the Hand and Wrist. Stanford Univ. Press. Stanford, Calif. 


. Burke, B.S. 1947. The dietary history as a tool in research. J. Am. Dietet. Assoc. 


23(12): 1041. 


. Reep, R. B. & B.S. Burke. 1954. Collection and analysis of dietary intake data. Am. 


J. Public Health. 44(8): 1015. 


. Stuart, H. C. & S. Stevenson. 1954. Tables of norms for use as reference standards 


in the evaluation of body measurements. Textbook of Pediatrics. 6th ed.: 52. Saun- 
ders. Philadelphia, Pa. 


PROTEIN REQUIREMENTS OF ADOLESCENTS 


By J. A. Johnston 
Henry Ford Hospital, Detroit, Mich. 


The problem of the “optimal” intake of protein in the human subject in- 
volves considerations other than the satisfaction of the growth requirement. 
Longevity, maximum total efficiency, reproduction, and development of 
offspring were included as criteria by Slonaker! in his study of the rat, but 
these would be difficult of attainment in any longitudinal human study. How- 
ever, his findings are of interest. With calories constant, 5 different levels of 
protein intake were used: 10.3, 14.2, 18.2, 22.2, and 26.3 percentages of total 
calories. The criteria of optimal growth, highest fertility, lowest mortality 
of offspring, and length of life were all best satisfied on the second level of 
intake, 14.2 per cent of calories. Spontaneous activity was optimal between 
14.2 per cent and 18.2 per cent. These objectives are difficult to attain in 
any longitudinal study of the human. In the past 30 years studies of the 
relation of the protein intake to resistance to infection have yielded sufficient 
information to constitute another criterion of “optimal” in any consideration 
of protein intake. A series of studies by Cannon? led to the conclusion that 
“both the acquisition and preservation of the antibody mechanism require the 
dietary presence of an adequate supply of proteins of good biological quality 
in order to make available the building stones essential for globulin synthesis.” 
Our own studies along this line have involved 2 disease states: tuberculosis’ 
and rheumatic fever.* 

In following, for more than 20 years, a group of 932 tuberculin reactors 
removed from contact, a significant number of instances of the adult form of 
the disease was noted first in the adolescent group. It was possible to demon- 
strate good correlation between the development of these lesions, their course 
when once developed, and the nitrogen metabolism. Evidence of previous 
depletion, not appreciated when estimates of nutrition were based on weight, 
but inferred from abnormally high nitrogen retentions on adequate intakes 
with flat or declining weight curves, was noted repeatedly. The typical 
metabolic picture of recovery from depletion was a high nitrogen storage with 
a plateau in weight curve, following which nitrogen storage fell to the expected 
plane and was paralleled by normal weight gain. Negative nitrogen balances 
from any cause were associated with spread of the disease process; regression 
of the pulmonary lesion was associated with normal or high retentions. Ex- 
amples of these studies are reproduced in FIGURES 1 and 2. 

In a series of studies on children with rheumatic fever, good correlation could 
be established between the nutritional state, with particular reference to protein 
reserves, and the ultimate outcome of the disease. Similar findings are reported 
by Coburn and Moore.° ; 

The approaches to a study of the protein requirement in the human have 
been the survey of intake method and the balance technique. The former 
has the obvious defect of measuring intake rather than utilization, but it has 
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broad usefulness when correlated with growth over long periods. It has the 
further defect of giving us no information on the composition of growth, some- 
thing of prime importance in relating nutrition to resistance to infection. 
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FicurE 1.” A 13-year-old girl was admitted to hospital with a minimal reinfection-type 
tuberculous lesion and was studied to determine the nutritional requirements at this age. In 
the first 45 days there was a steady gain in weight, but a positive nitrogen balance was main- 
tained only with high intakes of nitrogen. The negative balance at the menarche could be 
attributed to a diminished intake, but immediately following the menarche the balances were 
negative on amounts (13.2 gm.) that gave positive balances before menarche. At this time 
a frank spread of the tuberculous lesion, requiring collapse therapy, was detected. A fall in 
nitrogen retention is noted regularly in girls at this point, so that marginal intakes resulting 


in a positive balance in the prepuberty period may result in negative balances at the men- 
arche. 


The phenomenon of a failure to gain in weight for a period of as long as 108 
days while nitrogen was being accumulated in large amounts would not be 
noted with such an approach; conversely, gains in weight with negative nitrogen 
balances that we have noted to be associated with spread of tuberculosis would 
be obscured. On the other hand, short balance periods would give misleading 
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information in that they would reflect previous deficits by large retentions. 
Very long balances probably do carry with them a systematic error, possibly 
in failing to include sweat losses, so that the gains in weight conventionally 
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Ficure 2. A 13-year-old girl, with a history of low protein intake, under treatment for a 
minimal reinfection-type tuberculosis. The disease spread while she was on her own self- 
selected diet, which was low in protein. The balance study was done while the girl was on a 
diet that derived 15 per cent of its calories from protein. For 162 days, during which she 
retained 865.7 gm. of nitrogen, the weight curve was flat, reflecting the situation seen when 
depleted stores are being replenished. During the next 162 days she stored 275.7 gm. of 
nitrogen while gaining 5800 gm. of weight. During the 18-day period following the first 
menstrual period, the nitrogen balance actually became negative. 


associated with certain nitrogen increments do not correlate well. Losses 
incidental to menstruation have been checked and would seem negligible with 
periods of average duration; that is, approximately 0.8 gm. in a 5-day period 
requiring 9 pads. However, this conventional estimate has no basis, insofar 
as we know, for the composition of tissue of the rapidly changing adolescent. 
A further error will result if dietary intake is calculated from food tables rather 
than from daily analysis. In checking complete diets for 50 days, it was 


884 Annals New York Academy of Sciences 


found that the nitrogen content exceeded the intake calculated from the At- 
water and Bryant tables® by 11.75 per cent. Dietary surveys based on such 
calculations rather than on direct analysis would be subject to this error. 
Whether the actual retention noted on intakes of 15 per cent of the calories 
as protein are unrealistically high, the fact remains that with lower intakes 
we found actually negative balances too often to have any sense of security 
with lesser intakes. The discrepancy between weight actually gained and 
that predicted from nitrogen storage in the tuberculous adolescent is readily 
understood as a phenomenon of the reconstitution of depleted nitrogen stores. 
Even in the normal adolescent, however, the exchange of fat and water for 
protein in the rapidly changing structure of this age period may account 
for part of it. We lack data on the composition of tissue at this age period 
that would make valid the conventional prediction. 

As a background to a consideration of the special problem of the adolescent, 
I propose to review some basic principles of the general problem of the protein 
requirement derived from balance studies on 27 children’ on whom the length 
of observation averaged 10 months. These included 7 boys aged 10 to 13 
years and 6 months and 5 girls aged 10 to 12 years and 5 months. 

Although hospitalized for the study, these were normal children who would 
otherwise have been in foster homes. They attended school daily and had 
outdoor exercise. The criteria used for the adequacy of their intakes were (1) 
expected gain in height and weight, (2) satisfaction of appetite, (3) nitrogen 
retention, and (4) a normal basal metabolism. The caloric intake was varied 
until appetite was satisfied, and then the percentage of calories derived from 
protein was varied from 10 to 25 per cent. Consideration of protein require- 
ment is inseparable from total caloric intake; this explains our recording of 
protein as percentage calories rather than as grams per unit of weight. This 
point is well made by Cathcart’ and by Powers.° 

Adjustment to a suboptimal intake of calories and protein is regularly made 
by a fall in basal metabolism.'® This, together with its implications, was 
long since pointed out by Benedict.’ Thus, while it is known that a subject 
on lower intakes of protein may come into nitrogen equilibrium at a lower 
plane, some thought must be given to the price paid for doing this at lower 
levels of basal metabolism (r1GuRE 3). In the girl, cessation of menses is one 
of the side effects. Inability to cope with infection is an additional conse- 
quence. This was our reason for including as one criterion of “optimal” a nor- 
mal basal metabolism. 

Attempts to effect an increase in metabolism above normal with excessive 
amounts of protein were unsuccessful. In these studies there was a suggestion 
of an instinctive regulation of intake in that amounts of protein in excess of 
20 per cent of the caloric intake were commonly refused. When taken, they 
frequently resulted in a syndrome of pallor and nausea. A third finding was 
the demonstration of the phenomenon of the “physiological ceiling’? for ni- 
trogen, excessive amounts of nitrogen being re-excreted in the urine. 

The generalization from this study was that the criteria in question were 
regularly satisfied only with a protein intake providing 15 per cent of the 
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otherwise adequate caloric intake, the remaining c 
from fat and 50 per cent from carbohydrate. 
Consideration of the adole 


alories deriving 35 per cent 


Scent’s requirement requires a brief review of 
the metabolic and growth characteristics peculiar to this period. The adoles- 
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FicureE 3. The effects of suboptimal intakes of nitrogen. Weight may continue to rise 
with a protein intake inadequate for normal retention. Part of the adjustment involves a 
depression of the basal metabolism. An increase in caloric and protein intake was followed by 
a rise in the basal metabolism rate from —20 to +3 Boothby. In this study the balances 
were not continuous; each bar represents a 3-day balance, and the cross-hatched blocks show 
the average of the contained bars. 


cent period will be considered here as embracing the span beginning with the 
appearance of secondary sex characters and terminating with the cessation 
of skeletal growth. Common usage makes “puberty synonymous with the 
appearance of the first menstrual period in the girl; a point developmentally 
corresponding to this in the boy is the time of appearance of the spermatozoa, 
which is believed to coincide with the development of curly pubic hair. Chron- 
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ologic age as a point of reference in this age group has little usefulness. “ 
achievement of puberty has a range of about 6 years in both sexes, and the 
metabolic changes that characterize the period correlate with physiologic 
rather than chronologic age. The pattern of growth in girls is well brought 
out by Shuttleworth”! in the plotting of height increments of girls menstruating 
first at 8 different chronologic ages (FIGURE 4). 
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Ficure 4. Growth in height during adolescence. This chart from Shuttleworth” brings 
out the fact that the growth patterns of girls maturing at ages from 10 to 17 are similar only 
when plotted in terms of physiological age. Shown are the annual increments in standing 
height of 8 groups of girls who attained menarche at different ages. The curves are arranged 
so that the points corresponding to the menarcheal age are on the same vertical line. The 
3 horizontal grid lines indicate, respectively, zero growth per year, one ninth of the average 
growth from age 8 years to age 17 years (SLG), and two ninths of the average growth from 
age 8 years to age 17 years (2SLG). The decelerative phase of growth following the men- 
arche is reflected in a diminishing ability to retain nitrogen. (Reprinted with the permission 
of Charles C Thomas & Co., Springfield, Ill.) 


A prepuberal rise and a postpuberal fall in basal metabolism have been 
noted by some investigators, and my associates and I have noted it regularly 
in determinations done every 6 days. In cross-section studies, and with 
determinations at long intervals, the averaging process obscures this, as will 
be noted in the observations of Shock.” 

With intake constant, the percentage of nitrogen retained rises during 
the accelerative phase of growth that precedes puberty and falls during the 
decelerative phase (FIGURE 5). 


The magnitude of the fall in retention noted at puberty would seem dispro- 
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portionate to the changing rate of growth, and it suggests a more positive 
hormonal influence. In 6 girls, the administration of estrogens exerted such a 
depressing influence on the retention of both nitrogen and calcium. It is 
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Ficure 5. Metabolism at puberty. The basal metabolic rate is ut pele mek 
trained subject, the range of basal calories being 200. There is a tenc ency 5 igh a es 
immediately before menarche and to lower rates thereafter. ane, ae pee coe ate ) 
Boothby standards. The period surrounding the menarche is markec ey ne in ni roe 
retention, although intake remains constant. With amounts lower than per cen is 
tendency actually results in negative balances. 


probable that positive balances will occur with amounts lower than this during 

the accelerative phase of growth when the tendency to retain nitrogen is 

enhanced; it is during the period of decelerative growth that we feel that 
? 
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amounts lower than this will result in negative balances. 
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That this may 


be a major factor conditioning the development of the reinfection type of 


tuberculosis is, we feel, implicit in the data. 


In 5 boys to whom testosterone 
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FrcurE 6. Data on 8 normal girls. The means are close to those of a larger group 


sae sea shorter periods by Wang, Hodgen, and Wing.’® Caloric intake ranging from 
0 2400 calories, was 15 per cent phosphorus, 35 per cent fluorine, and 50 per cent carbon 


was given, the well-established increase in nitrogen was noted, but there was 
a reciprocal fall in calcium.”4 


. oe 6 and TABLE 1 show data on 8 normal girls in the premenarcheal 
and postmenarcheal periods whose intakes of protein constituted 15 per cent 
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of the total calories.!. Mean retention rises in the so-called MG year™ to 2.6 
gm. of nitrogen and 465 mg. of calcium and declines by the third postmenar- 
cheal year to a mean of 1.4 gm. of nitrogen and 155 mg. of calcium per day.?! 

Six 18-day balances on 3 boys and 3 girls with epiphyseolysis are recorded 
in TABLE 2. These balances are included here as examples of a condition 
limited to the year of maximum growth and occurring characteristically in 


TABLE 1 
| | Years | Beg 
| 5 y re eS &s . +. 0 io) . 
Case | Age [Maer | Ge) | (an). | calories | cartes [NICER | calories Nitrogen In x 6.25 
| |menarche as. 
| protein 
1 13-4 |+416 52.6 157 1241 2200 14.8 16.8 3.41 | 21.30 
2 13-2 |—3/12 52.6 157 | 1395 2200 14.2 IKoeal Bolle} |] IOS) 
3. | 13-9 |41-445) 53.9 151 1349 2400 14.9 15.5 1.40 8.75 
xe) LO-% 50.0 157 1296 2200 12.9 14.6 iL 4S) 9.07 
5 | 93 35 29 140 1122 1900 12.0 15.8 1.16 £2 
6 11-1 |—1/12 44.5 | 160 | 1365 2200 14.1 16.0 ALWil || PO 0 
iM be | ae ae 43.5 160 | 1306 2200 14.2 16.1 Qo 16210 
7 | 11-6 |—6/12 aya | 158 1304 1900 Wes 16.5 PAO? =| S210) 
ae: 0 50.0 158 1223 1900 ARS) 1OnS iW 7.00 
8 | 91 —2/12 36.4 | 135 1187 1900 12.4 16.4 DeOOM PGE SO 
9-3 |+1/12 38.9 137 1201 1900 12.4 16.4 tL SM 9.82 
TABLE 2 
EPIPHYSEOLYSIS 
Nitrogen Calcium 
Age ae oe ta SESS z See 
| { s) ries 
pa ages he) eis Intake Balance Intake Balance a) 

Boys | 
14 64 133 2400 15.10 12.05 fest —0.014 1580 
13 58 78 2200 12.16 2.68 1.161 +0.113 1119 
14 | 68 146 2400 14.84 EMP 1.399 +0 .086 1688 

i] 

“ae 62 104 TIME | 13552 0.04 1.210 +0.175 1350 
11144 58 87 | 1900 1274 0.76 1.266 —0.039 Sly 
11. | 60 93 | 2200 14.58 1.88 e232 +0.063 1390 

| | 


the overweight child or in one whose growth in height has been abnormally 
rapid. It was shown that the abnormally low calcium balances could be ren- 
dered positive with the addition of vitamin D.% In 4 of the 6 children the 
retentions of nitrogen were lower than in our normal children on intakes of 
protein equal to 15 per cent of the calories, suggesting that even this figure 
may be marginal in instances of very rapid growth. 
Excellent reviews of the literature on the adolescent requirement are avail- 
able in the papers of Wait and Roberts’ and of Wang, Hodgen, and Wing." 
Their findings and those of others are summarized in TABLE 3. It will be 


* Year of maximum growth. 
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noted that the percentage calories from protein found in recent dietary surveys, 
as well as those recommended by National Research Council, are lower than 
the percentage we suggest, although our figure is in agreement with that 
recommended by Wang, Hodgen, and Wing, by Holt and Fales,!® and by 
Camerer!? and Tigerstedt.2° The retentions noted in the balance studies of 


TABLE 3 
10 to 12 years 13 to 15 years 16 to 18 years 
Reference Percent- Percent- Percent- 
Diet calories protein Diet calories protein Diet calories prota 
calories calories calories 
National Research Council 
(1953 
Boys Sates Acree aoe 2500 Tez. 3200 10.6 3800 10.1 
Nespoae Sec aos sone oe 2300 oeae 2500 12.8 2400 125 
Canada (1954) 
Sonya Ain orucns top eciee ake 2333 10.1 2940 1222 3480 6.9 
Gitls ee een ere tae 2510 10.0 2500 11.8 2385 8.8 
Young and Pilcher (N.Y., 
1950)!2 
BOYS ase Ok neice ee 2557 13.3 3654 12.0 Solo 11.6 
Girls ec erections 2275 1223 1945 VARY 1976 13.0 
Warnick, Brung, and 
Woods (Idaho, 1955)!8 
BOySige Seon coctaeese a 2088 14.0 
Gitlsnen eer ee eee 3145 1325 
Eppright, Sidwell, and 
Swanson (Iowa, 1954)}4 
BON Se oe aise eee 2553 1133 3419 1129 
Gitls a ere eaceere en re 2381 12-9 2514 11:9 2552 uth ly 
Odland, Page, and Guild 
(Montana, 1955)!® 
WERE pio OSs occa 3150 13.9 
Girls eRe ee 3050 8.7 
Holt and Fales (1921)16 
BOYS seman errant 2525 14.5 3432 14.4 3922 12.8 
: 14 children 3 children 3 children 
Gils tice eee ex 2523 12.8 3258 8.2 3057 14.3 
; e 8 children 4 children 2 child 
Wait and Roberts (1933)!7 song 
BOYS Werte or ere eee 
GitlS ess Gee eI ee 12.4 12.8 
Wang, Hodgen, and Wing 
(1936)'8 
GiblS ee ae aoe ect eee 2279 16.6 
CEM on oceans ee 17 percentage calories as pro- 
iy é fi : 
Sie a age 5 years through growth not included 
ADRS showed 16 percentage calories as protein | ' @V¢Tases below 
during adolescence in girls. 
Averages: | 
IB OV Sipe c.cexcit a eee 2479 1263 3003 12.6 359 
c : : : 9 10.6 
(LEIS Watered, yi eee 2398 12.0 2649 13.4 2474 1256 
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4 se 
Nees Hodgen, and Wing are essentially the same as those noted in our normal 
children. 


Conclusions 


Our data suggest that the optimal intake of protein for the adolescent should 


constitute 15 per cent of an adequate caloric intake. It is suggested that the 
recommendations of the National Research Council for this age group be 
revised upward. It is urged that one criterion of “optimal” be the relation 
of a nutrient to infection. 


. Jounston, J. A. 1941. 
. Jounston, J. A. 1947. 
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DISCUSSION 


Paut Gvorcy (University of Pennsylvania Medical School, Philadelphia, Pay 
From a worldwide viewpoint, the question of protein requirement is of para- 
mount importance, as shown later in this monograph in connection with 
the first public health problem in the world: kwashiorkor, or protein malnutrition, 

Since the age classes beyond the first year of life already have been discussed, 
I propose to fill a gap by returning to a consideration of the newborn and the 
first twelve months of life. j 

The newborn and the young infant present the simplest problem in protein 
requirement. From the teleological point of view, which I still consider better 
in this connection than any scientific approach, it is my confirmed opinion that 
human milk is ¢e food for the human infant and that, accordingly, the amount 
required to cover the caloric requirements, as determined by the classic workers 
in the field, Rubner and Heubner (Czerny and Keller'), must also cover the 
protein requirement. The protein requirement in the infant, therefore, 
should be and will be about 1.6 gm./kg. I refer, of course, to the protein in 
human milk. Ido not think we can state the protein requirement categorically 
without indicating just what kind of food we are discussing: not only the pro- 
tein, the nature of the protein, and the biological value of the protein, but the 
protein in its context with the food as such. When we speak of human milk 
we know the relation of calories, which is about 6 to 8 per cent. We know 
the nature of the fat and the nature of the carbohydrate, both of which probably 
are very important in determining the protein requirements. 

During the last two years two international conferences have dealt with 
the problem of protein requirement: one in Princeton, N. J.,2 and a second in 
Rome, Italy.* The volume resulting from the latter conference leads to 
practical conclusions. The authors of that report have selected, rightly or 
wrongly, a so-called reference protein based on paper work and have computed 
ihe proper amino acid pattern, which perhaps should apply to all age classes. 
I must admit, in this connection, that I do not like to improve on nature. 
Furthermore, I do not like a reference pattern that cannot be used in practice 
as standard. In the past, reference standards have been used widely in the 
vitamin field. Be that as it may, the proposed ideal reference protein is 
almost identical with the protein in human milk. 

In the previously mentioned report of the Food and Agriculture Organization 
of the United Nations (FAO) on protein requirements, a curve appears giving 
the figures for protein requirements over all age periods. Based on the hy- 
pothetical ideal reference protein, the protein requirement of infants is stated 
to be about 2.25 gm. During the first two years these figures drop to much 
lower levels (1 to 1.5 gm.) and, with a slight elevation during adolescence, 
they reach the level of 0.4 gm. for adults. Compared with the figures presented 
earlier in this monograph, the amounts recommended by the FAO are much 


Johnston: Protein Requirements of Adolescents 893 


lower, which is fortunate, as we are considering a worldwide problem. If 
the FAO figures are correct, then the protein requirement for the world need 
not be increased, as would be the case if we take the figures of Stearns, for 
example. 

The ratio of calories to protein is one of the most important problems, 
as emphasized elsewhere in this monograph by investigators of the kwashiorkor 
problem, and we cannot speak about protein needs without taking calories 
into consideration. It is better not to speak of the amount of protein per 
kilogram daily, but to express it as the percentage of the caloric intake. 

Furthermore, as I have already mentioned, the carbohydrates are definitely 
important factors that influence protein needs or protein utilization. In 
milk, for instance, lactose, in studies that are now completed in our clinic,! 
has proved far better in protein utilization by infants than have other carbo- 
hydrates, such as dextrimaltose. Similar observations are derived from 
studies on animals. I repeat that, in discussing protein requirements, plain 
figures of grams per kilogram will not suffice. We must take into consid- 
eration the biological value, as such, of the protein in the food. 

I wish to make another point about the amino acid pattern. This pattern 
is at present a very fashionable concept, and people expect good results with 
a good amino acid pattern. I wonder whether, a few years hence, we shall 
not modify this concept. We already know, for instance, that Scrimshaw 
et al.,° by introducing supplements of amino acid to the so-called reference 
pattern, did not observe any improved results in the feeding experiments. 
Also, as reported recently, Gortner® has not been able to improve on the 
utilization of pure zein by adding any combination of amino acid to it. This 
leads us to a final remark: namely, to the concept of Mellander,’ who considers 
(the evidence, for the time being, is not quite clear-cut) that perhaps not only 
the amino acid pattern, but the peptide pattern after digestion, must be 
considered. Some peptides might be absorbed and utilized as such, as key- 
stones in the synthesis of protein. 

As stated before, a protein food should be considered in its totality and 
not from the standpoint of its amino acid pattern alone. 
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NatHan Tarpot (Massachusetts General Hospital, Boston, M ass.): In 
considering the subject of protein nutrition it is of interest to make some simple 
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calculations. For instance, we know that an average middlesized child 
weighing 30 kg. gains approximately 3 kg./year. It may be assumed in ac- 
cordance with average adult body composition that approximately 70. per 
cent of this gain, or 2.1 kg., is made up of protoplasm. About 75 per cent of 
the protoplasm is water, and another 25 per cent is protein. In other words, 
the 30-kg. child ordinarily gains about 2.1 X 0.25, or 0.5 kg. of protein per 
year. This is the equivalent of 1.4 gm. of protein/ child/day, or 05 gm./kg. 
of body weight/day. Added to the minimum maintenance figure of 0.3 
gm./kg. mentioned by Gyérgy, the result is the interestingly low value of 
0.35 gm./kg./day. It is, of course, appreciated that this figure provides no 
leeway for inefficiency of utilization or for the fact that some proteins are 
incomplete. ; or 

Some perspective concerning the efficiency of protein utilization by the 
healthy, well-fed human may be had by considering the infant during the 
first 6 months of life, at which period he is growing faster than at any other 
time in life. Ordinarily the child approximately doubles his birth weight 
during this interval. In doing so he is increasing his body protein at the rate 
of about 1 gm./kg. of body weight/day. If we add to this amount 0.3 gm. 
for maintenance, we obtain a minimum need value of 1.3 gm./kg./day. If 
he derives all of his nutrition from his mother’s milk, his average daily protein 
intake will amount to about 2 gm./kg./day, a value that is less than twice 
the maintenance-plus-growth needs calculated above. It seems unlikely 
that the human race could have survived all the rigors of the evolutionary 
past if this had been an inadequate protein allowance. 

A factor of considerable importance in the foregoing connections is caloric 
balance. As pointed out by Talbot ef al.,! increasing the caloric intake from 
inadequate (1000 cal./m.?/day) to adequate levels (1600 to 1800 cal./m.2/day) 
while the child constantly received 2 gm. of protein/kg./day caused the nitrogen 
balance of this 16-kg. hypocaloric dwarf to change from a level of approximately 
zero to a level of +1.5 gm./day. Doubling the protein intake while calories 
were maintained at the same level failed to cause a sustained increase in 
the nitrogen balance. 

These observations would appear to have a possible bearing on the first 
three papers presented in this monograph. Unless I am mistaken, in the 
studies reported therein, the tendency was to increase the total caloric intake 
and the protein intake simultaneously. If this were so, one wonders whether 
the differences in nitrogen balance that were attributed to differences in protein 
intake might not have been due in large part to changes in caloric balance. 

Finally it might be well to recollect that the use of animal instead of veg- 
etable-fruit nutrients greatly increases the costs of feeding expressed in terms 
of acres of land and man-hours of farm labor. While this fact may be of little 
moment to people who can afford and can readily obtain whatever they desire, 
it 1s of the greatest importance to people whose survival and health depend 
upon the wise and most economical utilization of every resource. Accord- 
ingly, I should like to join Gyérgy in expressing the hope that there will be 


further discussions of the true, basic protein requirements of human individuals 
of various ages. 
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HAROLD D. Lyncu (Evansville, Indiana): My concern here is with protein 
nutrition from the viewpoint of the private practitioner. 


Hypoproteinosis 


A few years ago the author and his co-worker, W. D. Snively, Jr., called 
attention to the prevalence of poor nutrition in the United States in an article 
on hypoproteinosis of childhood. A group of symptoms common among 
a was described for the first time as a syndrome due to a low-protein 

let. 

Symptoms. Briefly reviewed, this syndrome embraces a group of symptoms 
heard commonly in the office practice of pediatricians. Starting with, 

My child won’t eat,” or “He is not gaining weight,” the list continues with 
such gastrointestinal symptoms as vomiting, diarrhea, and constipation. It 
includes peevishness, pallor, frequent infections, and dental caries, sometimes 
rampant. 

These symptoms are consistently associated with a characteristic dietary 
history. The diet is predominantly liquid, consisting largely of beverages 
of all sorts, including juices and milk, the latter supplying an abundance of 
minerals. The vitamin supplement is usually more than sufficient. The 
solid foods are almost exclusively of the sweet variety. The solid protein 
foods are slighted. 

Analysis shows that such a diet, despite generous quantities of milk, pro- 
vides less than 15 per cent of its total calories from protein. This is a low- 
protein diet, and it does not support good nutrition. It should be pointed 
out that these diets are inadequate only in protein, and that the syndrome 
produced is not complicated by other dietary deficiences, as is the case in 
malnutrition in other parts of the world. 

Unfortunately, there are no laboratory tests to aid in the diagnosis of a 
mild or even a moderate degree of protein deficiency. 

Treatment. Gratifying relief from this syndrome is obtained when the level 
of protein calories is increased and maintained above 15 per cent. It will 
be shown later, however, that this relief is not accomplished easily. 

If this condition is so prevalent, why is it not recognized and treated or 
prevented? - 

Unspectacular and unrecognized. The majority of practicing physicians 
have no deep interest in nutrition, and for good reasons. Medical schools 
in the United States, with one or two exceptions, do not have full-fledged 
departments of nutrition. Most of us have had no formal training in this 
really basic subject, which is so important to child health and to preventive 
medicine. We are thoroughly instructed about the conquest of diseases 
by means of drugs and/or surgery. However, we have had to learn about 
health and about nutrition and about the individual we are treating by practical 
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experience alone. The medical practitioner, busy with the more financially 
rewarding struggle with diseases, has little time to educate himself in matters 
‘ Sees parents do not, as a rule, associate their children’s poor health 
with poor diet, so they seldom consult the doctor about nutritional problems 
after the infant feeding period. On the rare occasions when they do so, the 
parents are likely to present the child to the physician with a single complaint 
and ask for a specific cure, such as a tonic to make him eat or some medicine 
for his bowels. Often they get the advice that the child will outgrow whatever 
ails him. 

The symptoms of faulty nutrition are so unspectacular that they are looked 
upon as normal isolated episodes in the child’s development. No doubt this 
is the chief reason why, heretofore, these symptoms have not been considered 
as a related group with a single cause. 

However, even when the relationship between symptoms and poor diet 
is recognized, the cure for hypoproteinosis may be difficult, because it cannot 
be effected by the simple advice to give the child more protein; it takes more 
than advice. The effective treatment of the child requires a revision of the 
feeding behavior of the mother and family. Parents must be taught how to 
persuade their child to take more protein. This requires the changing of 
adult attitudes and beliefs about foods. This is a task for the physician 
that is time-consuming as well as unremunerative. 

Obviously, a disease that is seldom recognized and is troublesome to treat 
produces little incentive for an investigative crusade. 


Causes of Low-Protein Feeding 


In many parts of the world the reason for the child’s failure to get enough 
protein is simple—protein foods are not available. This is true only to a 
limited extent in the United States, where there are complicating psychological 
forces that often interfere with the child’s best interests. The feeding of the 
children gets entangled in the social and emotional life of the whole family. 

Parents must live with child feeding day in and day out, year after year. 
It is hard to sustain interest in any such prolonged task. Furthermore, 
parents are not prepared to deal with a problem that has so much to do with 
their own behavior. 

One might ask, what effect does family life have on the child’s protein intake? 
The answer is, of course, a great deal. Here is what the clinician sees: 

During the first year, a large gain of approximately 15 lb. provides the infant 
with an eager willingness to take food. 

By the beginning of the second year the child’s rapid rate of growth has 
moderated and it soon reaches its low point. The sudden deflection in rate 
of growth has a profound influence on the appetite. Along with a physiological 
disinterest in food, the child’s development in other directions begins to have 
disturbing effects on his behavior. He is becoming a human being and, as 


such, he becomes assertive and opinionated about all things, especially about 
foods, 
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The mother’s instincts and emotions do not permit an easy adjustment to 
this turn of events. The close association between feeding her child and loving 
him sometimes prevents any adjustment at all. 

During the first year the mother could give what the doctor prescribed in 
measured amounts that were large enough to satisfy her urge to feed the child. 

Now suddenly this new element, the human element, makes it difficult to 
feed certain foods in any amount. However, a good mother “gets food into 
her child,” so she gives him what she can, whenever she can. 

Beverages, including milk and juices, can be poured in fairly easily. Feed- 
ing the solid protein foods requires the child’s cooperation; he must chew them. 
Also, protein foods are not sweet and tempting; therefore they do not fit 
into the feeding routine with ease. On the other hand, desserts and sweet, 
palatable between-meal snacks readily win the child’s approval in this inter- 
personal enterprise. Such a diet obviously is long on carbohydrate and short 
on protein. This is the diet of a multitude of American children. 

It is a disconcerting fact that parents do not know about protein and do 
not realize its importance for their children. The term is seldom heard in 
the language of child feeding; protein is thought of only in connection with 
pet animals and livestock. However, parents all know about calcium for 
their children and, although a child’s feeding behavior may be obstructive, 
the mother at least ‘‘gets his milk (with its calcium) into him.” This often is 
a hollow victory. 

Milk 

This is a good place in which to point out how a misguided enthusiasm for 
milk contributes to the problem of giving the toddler and preschool child 
enough protein. 

No one can deny milk its place as a source of important nutrients for man- 
kind. When used with restraint or to make cheese, it is a valuable food for 
children. However, its almost fanatic use as a beverage has added more 
complications than benefits to child nutrition. 

The slogan ‘“‘one quart of milk daily” is taken literally to mean that this 
amount should be given to all children, regardless of age or capacity. There 
is no long-term clinical evidence to sustain this dictum. 

It is not clear what diseases or symptoms the prolonged use of large quan- 
tities of calcium-rich milk will prevent, but certainly it often prevents the 
child’s getting enough protein. It is almost impossible for the toddler and 
preschool child to have a satisfactory feeding program when his milk intake 
exceeds one pint daily. af 

Under home conditions, the child who takes large quantities of milk develops 
an irresistible appetite for desserts and sweets. He seldom likes the protein 


foods. 
The Three-Meal Routine 


Another obstacle in providing the child with enough protein is the American 
tradition of the three-meal routine. Throughout his long span of develop- 
ment the child is at cross purposes with this tradition. 
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The preschool child does not need three large meals daily, and he will 
not take them; usually he will not eat more than two fairly good meals. Of 
course, he cannot be expected to eat one good meal if each succeeding one 1s 
spoiled with between-meal snacks of beverages or sweets. mes 

The small child in our civilization is not allowed to experience one of life’s 
basic pleasures: that of getting hungry enough to enjoy the protein foods he 

for good health. 
Sane aie be taught that hunger is not a thing to be dreaded, but 
something to encourage. 

This is the basis for a few simple rules the physician can suggest to parents 
that will help them provide a program for the child’s best interest without 
martyrdom for the rest of the family. hen bel 

The period from 1 to 6 in a child’s life is a crucial time physically, psy- 
chologically, and nutritionally. This is the time when his rate of growth and 
his appetite are at low ebb. Strangely enough, according to Brock,* and to 
Stearns’ paper elsewhere in this monograph, the child seems to need the largest 
amount of protein per 100 calories during this period. Unfortunately, how- 
ever, under conditions of our civilization, his protein intake is then likely to 
be lowest. 


The Older Child and the Adolescent 


Many forces contribute to supplying the older child with a subminimal 
amount of protein calories. Here again, the child’s interests clash with the 
traditional American three-meal routine, but in a different way than when 
he was younger. Now three meals do not provide enough food. 

The older child needs extra food between meals—especially after school 
and at bedtime. These snacks should be considered extra meals—informal 
ones to be sure, but nevertheless important to the ravenously hungry schocl 
child. The same amount of care is needed in the selection of these snack 
items as in the selection of foods at mealtime. This consideration is rarely 
given. Failure to provide good foods, that is, those that contain proteins, 
at snack time nullifies the most carefully laid plans for a good diet. 

The snack foods usually consist of such inappropriate items as candy, 
leftover desserts, crackers, cookies, potato chips, and popcorn; foods that taste 
good, that are put up in attractive packages, that require no refrigeration 
or preparation, These carbohydrate foods make up a disturbing proportion 
of the older child’s diet. As the carbohydrates increase, the protein foods 
are correspondingly slighted. The resultant low-protein diet is consumed at 
a time when rapid body growth is literally begging for the building blocks 
of protein—at a time when the defense mechanism against infections needs 
to be reinforced with protein. 


Conclusion 


The complexities of our society, rather than economics, have conspired 
to make it difficult for the child to obtain enough protein. Pressures on the 


protein level of the child’s diet recur regularly throughout his many years 
of growth and development. 
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Feeding the child, which is a long task, in reality becomes an uphill struggle 
to provide him with enough protein. 

Good child nutrition in our civilization requires the development of an 
enlightened philosophy of nutrition in order to apply the science of nutrition. 


This will require the combined efforts of the biochemist, the clinician, and the 
psychiatrist. 
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Jack Metcorr (Michael Reese Hospital, Chicago, Ill): The difficulties 
with evaluating growth as a measure of protein requirement are, I think, 
quite obvious, as Genevieve Stearns has indicated. With growth, the major 
variable component added to the body is water, which accounts for 60 to 70 
per cent of total body mass. During the first year of life there is an absolute 
increase of body water of about threefold to fourfold, but there is a relative 
decrease of water referable to body solids. Weight change is the resultant 
of these factors. The protein requirement with growth, particularly during 
the first year of life, diminishes relative to increasing mass and surface area. 

In an investigation by James Gamble, a decreasing rate of weight gain and 
nitrogen retention is noted during the first 9 months of life! This work is 
based upon studies of apposition of body mass determined by direct analysis of 
body composition at several ages made by Camerer over 50 years ago.‘ 

The problems presented by balance measurements or creatinine excretion 
as indices of changing body mass are difficult to resolve. Creatinine excre- 
tion is dependent upon the rate of methylation of methyl glycosamine, 
an hepatic function, and upon the rate of renal excretion of creatinine. As 
clearance increases with increasing age during the first year of life, removal 
of creatinine becomes proportionately greater. This is somewhat independent 
of body mass, but it does bear a better relationship to body surface, since 
the young infant is more of a sphere than he is an elongated cylinder, in con- 
trast to the older youngster or adult. Balance studies are complicated by 
the fact that if they cover too long a period some kind of systematic error 
attends them. For example, if one were to add up all of the salt that is known 
to be retained or apparently retained during the course of balance measure- 
ments over a period of several years, as Gamble has pointed out, the body would 
look very much like Lot’s wife. If, on the other hand, short periods of balance 
of 3 to 5 days are carried out at repeated intervals, it is probably not fair 
to extrapolate these over a year’s period of time, particularly when there is 
rapid change in tissue composition. Balance measurements, as we know, 
also are plagued by extensive skin losses, including skin losses of nitrogen. 
At low intakes the skin losses comprise relatively greater proportions of the 
total balance. 3. ¥ 

Finally, as Talbot has mentioned, there is a striking difference between 
optimum protein in relation to continuing growth and protein requirements 
necessary to sustain and/or to prevent catabolism of tissue. 
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For example, in a young infant whose intake was limited to an amount of 
glucose equivalent to that commonly used to provide calories during periods of 
parenteral fluid therapy, the ratio of loss of potassium to nitrogen was found to 
by highly variable, although theoretically it should have been consistently 
at about 3.0. At the beginning of the fasting period the loss of potassium was 
considerably in excess of the loss of nitrogen, and with cessation of fasting the 
gain of potassium was in excess of that of nitrogen. There appeared to be 
a progressive decline in the K/N ratios, as derived from the balance measure- 
ments during fasting. In contrast, during control periods the K/N ratios var- 
ied from 3 to 6 in different periods, but were fairly consistent in each period. 
Since other components of protoplasm may vary independently of nitrogen, 
and since nitrogen retention may represent growth of such bodily compo- 
nents as hair, bone, muscle, organs, and skin, in varying degrees, this measure 
of growth is not completely satisfactory. Nitrogen balances are often in ex- 
cess of apparent amounts of actual protoplasm formed, as Talbot has indicated. 
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J. ROSWELL GALLAGHER (The Adolescent Unit, The Children’s Hospital, 
Boston, Mass.): There are three general aspects of Joseph A. Johnston’s 
excellent paper, upon which I shall comment briefly. The first has to do 
with what at times seems to be the preoccupation of both the physician 
and the public with greater-than-average weight; the second, with a failure 
to remember one’s patient’s needs for total development and a tendency, in- 
stead, to focus upon some abnormality; and the last, with the importance 
of determining the effect of any recommendation upon healthfulness and 
effectiveness in adult life, rather than upon these matters in childhood or in 
adolescence alone. One’s belief regarding the protein intake desirable for 
adolescents relates to each of these. 

To take the first of these points: our considerable interest in those whom we 
believe to be overweight. In our clinic it is common to find that an adolescent 
who has been referred to us for treatment of excess weight is already taking 
in fewer calories and much less protein than his thinner friend. Our concern 
with these young people has been threefold: first, to determine how much of 
their greater than average weight is in reality excess fat; second, to determine 
to what extent exercise and activities are factors; and, finally to be sure that 
their protein intakes are kept at levels which, in the face of lower calories, 
will adequately supply their needs. The routine recommendation of calorie 
reduction without concomitant consideration of an adolescent’s protein needs 
may result in a less than optimal diet. 

A girl recently seen in our clinic illustrates this point: at 16 years, her height 
was 69 inches and her weight 190 pounds. She had been told that she must 
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lose at least 50 lb., and a 1000-cal. diet had been suggested. No inquiry had 
been made into her degree of activity, which was unusually great, nor had an 
estimate been made of her degree of fatness, which was quite low. An effort 
to help her to accept herself, the physician’s avoidance of appearing dissatisfied 
with her, and some increase in protein and calories would seem more appro- 
priate for this very large, very active, but not very fat young person. 

It is fair to say that none of us know, and that most of us are confused about, 
the optimal protein intake for the adolescent. Recently in a preliminary 
study of 20 boys, one half of whom were quite fat, we were struck by the fact 
that the nonobese group took in from 3300 to 5500 calories, whereas the 
intakes of their fat friends were from 2600 to 3500 calories, and that the protein 
intake of the former ranged from 120 to 190 gm., as against 30 to 140 gm. 
for the obese boys. The free-choice protein intake of the thinner boys may 
have been unnecessarily high. One wonders if the adolescent should not have 
more protein than is often recommended in diets given those who are considered 
overweight. It would certainly seem wise always to remember that it may 
have been erroneously assumed that an overweight adolescent is consuming 
an adequate amount of protein. 

My second comment, that at times we focus upon an abnormality and ignore 
the needs and characteristics of our patients and their age group, develops 
from my first point. Adolescence is not only a time of rapid physical growth; 
it is also normally a time of very strenuous activity, activity that is relent- 
lessly pursued in efforts to gain the recognition and applause of the adolescent’s 
associates. To do things strenuously is normal for them; moderation is un- 
usual. 

For us to neglect to foster activity, to forget its demands and its significance, 
or to ignore the implications of inactivity in the adolescent and to focus our 
attention on the fatness or thinness is to forget what sort of a person our ad- 
olescent is. By and large, when one is dealing with an adolescent, it would 
seem better, in the face of obesity, for instance, to concentrate on seeing that 
activity is high and that protein intake is reasonable, rather than to think 
predominantly of decreasing calories. 

Finally, another remark upon one of the points that Johnston has made: 
in determining the optimal levels of protein intake for adolescents, we need 
to think of more than freedom from illness, of more than what seems to be 
adequate for body growth. If we are to be sure of the validity of our opinions 
regarding their protein requirements, we should know how these adolescents 
develop over a period of several years—in short, what sort of adults they 
become. My chief dissatisfaction is with those whose very positive opinions 
regarding such matters as optimal protein intake for adolescents are based 
upon their observations of these young people at a single point of time or over a 
very limited number of years. Basically, our efforts to help the adolescent 
should be to help him or her to become a better adult. To know whether this 
or that is good for him, we need to follow his health status and his intellectual 
status into adult life. Certainly we are interested in more than what seems 
to produce, or to occur in, a healthy adolescent. We really want to know what 
it is that is most likely to produce an effective and healthy adult. 


THE ASSESSMENT OF PROTEIN NUTRITION IN AGED MAN 


By Donald M. Watkin 


] er vt i j L Branch, National 
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Many studies of protein nutrition in aged human subjects have been con- 
fined to dietary surveys, clinical appraisals, collections of data on total serum 
proteins and hemoglobin, and studies of nitrogen balance. These evaluations 
have led to confusing and often conflicting opinions on the protein needs of 
old people. For example, Kountz, Hoffstatter, and Ackermann interpret 
data from balance studies in old men to indicate an average minimum re- 
quirement of 0.7 gm./kg./day. They recommend as a safe allowance, in 
view of much higher minimum requirements among some of their subjects, 
an intake of 1.4 gm./kg./day. In contrast, Schulze,’ from his own studies 
of nitrogen balance and metabolic rate in elderly healthy volunteers and a 
comprehensive review of the literature, concludes that, if anything, the mini- 
mum requirement for old subjects is actually less than for young. 

Lack of agreement among different workers may be attributed to four 
factors: 

First, agewise changes per unit of time are small. An example is the small 
change with age in total body water measured by antipyrine. The average 
values in 93 subjects studied by Shock, Watkin, and Yiengst® fell from 34.5 
l. in the third- and fourth-decade groups to 29.7 |. in the ninth-decade group, 
a decrease of less than 100 ml./year. 

Second, interindividual differences among subjects are large. An example 
of this is presented in FIGURE 1, where one 78-year-old subject has an antipyrine 
space comparable to several found in the 35- to 40-year-old range. The age 
regression fitted to the points by the method of least squares is statistically 
significant, but only because of the large number of subjects involved. In 
view of this great interindividual variation, it is obvious that no valid con- 
clusions could be drawn from a smaller series. Marked variability among 
aged subjects is not unexpected when the infinite variations of their medical, 
nutritional, social, and economic backgrounds are borne in mind. 

Third, the intraindividual biological variability of any parameter under 
study may be appreciable. This problem with respect to serum beta lipo- 
proteins and total cholesterol has been discussed by Watkin, Lawry, Mann, 
and Halperin.! Ficure 2 shows the wide fluctuations observed in a single 
78-year-old subject from this study. The authors constructed a table showing 
that single determinations were highly unreliable in estimating average values 
of beta lipoprotein levels. As many as 21 determinations may be needed in a 
single individual to obtain with reasonable accuracy an average value rep- 
resentative of the true level. Other studies showing the existence of long- 
term trends in balance study data® further emphasize the importance of 
intraindividual variability in interpreting any experiment in the aged. 

Finally, experimental conditions differ from study to study among lab- 
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Ficure 1. Liters of antipyrine space in relation to age in 93 healthy male subjects. 
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Ficurr 2. Variations in total cholesterol (closed circles), in Sf 12-20 beta lipoproteins 
(triangles), Sf 21-35 beta lipoproteins (squares), and Sf 35-100 beta lipoproteins (open cir- 
cles) in a 78-year-old man. Reproduced by permission from The Journal of Clinical In- 


vestigation.* 
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oratories and even within the same laboratory. Temporal, economic, end 
clinical factors may dictate short studies of a limited number of parameters. 
Long control periods, essential to establish inter- and intraindividual varia- 
bility,? are often omitted. Even under ideal conditions, unwitting prejudice 
may creep into an experimental design. It 1s not impossible through the 
biased selection of experimental conditions to come to opposite conclusions 
in two studies conducted at different times in the same laboratory and even 
within the same individual. ; 

In view of the difficulty in quantitating exactly the various parameters in 
the aged, it is not surprising that the majority of authors have concluded that 
differences in protein requirements between healthy young and healthy old 
individuals are either nonexistent or too small to be of practical import in 
the United States today.® *1° Adherence to standard recommendations on 
protein allowance such as those of the National Research Council” (1 gm./kg./ 
day) seems entirely justified in view of available information. 

Despite this compromise solution dictated by lack of detailed knowledge, 
there is no lack of academic interest in seeking information that is more intel- 
lectually satisfying. Broader applications of conventional methods and the 
introduction of advanced technological procedures now enable clinical in- 
vestigators to examine with more precision subtle differences in protein nutri- 
tion that may exist between young and old. 

An excellent example of the new approach is the attention now being focused 
on the amino acid composition as well as the gross amount of dietary protein. 
Mertz et al.” showed by determination of the amino acid composition of self- 
selected diets that older women who ingested acceptable amounts of protein 
nitrogen were in negative nitrogen balance because of a limited intake of 
methionine. Tuttle ef a/.° found that men over 50, fed quantities of L-amino 
acids sufficient to maintain nitrogen balance in young adults and containing 
nitrogen in excess of that which the older men needed for equilibrium on a 
regular diet, were consistently in negative nitrogen balance. These investi- 
gators infer from their data that old men have a quantitatively increased re- 
quirement for one or more amino acids. In considering these experiments it 
must be recalled that investigations of amino acid mixtures differ markedly 
from studies-with whole proteins. More calories are required. The timing of 
administration of the mixture is critical. The source of nonessential nitrogen 
has a marked effect on the final balance. Further studies in aged man _ of 
mixtures of individual L-amino acids are needed to demonstrate the dimensions 
of this problem. 

A second example of a new approach is the attention focused in recent years 
on studies of total body composition. Shock, Watkin, and Yiengst® have 
studied the relation of total body water measured with antipyrine to basal 
metabolic rate and oxygen consumption, as indicated in FIGURE 3. They 
find that total body water per square meter of body surface decreases with 
age, that basal metabolic rate expressed as calories per square meter of body 
surface also decreases with age, but that basal metabolic rate expressed as ml. 
oxygen consumed per liter of antipyrine space does not decrease with age. 
In other words, there is no decrease with age in oxygen consumption per unit 
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of metabolizing tissue. There is no change in the quality of the protoplasm 
with age, but only in the amount of it. In view of these findings, it may be 
appropriate to suggest that protein requirements are related directly to proto- 
plasmic mass and only indirectly to basal calories per unit of surface area. 

A third approach has been the investigation of tissue composition. Yiengst 
Barrows, and Shock,'® studying differences in composition between meek 
of 12- and 24-month-old rats, observed a significant increase in extracellular 
space but a decrease with age in intracellular water, potassium, phosphorus, 
and nitrogen. These changes were not associated with changes in nitrogen/ 
phosphorus, potassium/nitrogen, or potassium/phosphorus ratios, and they 
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Figure 3. Age in relation to antipyrine space (liters per square meter of body surface 
are shown by the open circles connected by the broken line), to basal metabolic rate (calories 
per square meter of body surface are shown by the open circles connected by the solid line) 
and oxygen consumption per unit of functioning protoplasm (milliliters of oxygen per liter of 
antipyrine space are shown by the closed circles). Reproduced by permission from the Na- 
tional Vitamin Foundation. 4 


therefore suggested a loss or atrophy of cells and their replacement by extracel- 
lular fluid. Similar changes, if also observed in man, would provide support 
for the conclusions resulting from studies of total body composition. The 
role of protein nutrition in the prevention of this apparent cellular loss or 
atrophy with advancing age has yet to be investigated. 

A fourth approach to the evaluation of protein nutrition in the aged has 
been the electrophoretic examination of serum proteins in young and old men. 
Karel, Wilder, and Beber'® have reviewed the studies of Rafsky et al." and have 
presented their own findings in 21 elderly and 9 young subjects. The mean 
values from this study appear in TABLE 1. A decrease in total protein and 
albumin and elevations in all the globulin components is obvious. A possible 
role of inadequate dietary protein in producing the differences between young 
and old is suggested by the studies of Watkin ef al.,* in which the gradual 
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elevation of total serum proteins and albumin was observed in old men forced 
to consume over 100 gm. of protein daily after existing for years on a pre- 
sumably adequate institutional diet. Subtle changes in protein synthesis 
in the liver offer an alternative explanation. : 

A fifth approach is the use of the complete or total-balance study technique. 
Balance studies including an evaluation of potassium, calcium, phosphorus, 
sodium, and calories enable the investigator to assess changes in body composi- 
tion with a precision impossible through the use of nitrogen balance alone. 
Watkin ef al8 used the balance technique to evaluate the relative roles of 
protein, calories, and androgen administration in the nutri tion of 8 elderly men. 
Extending over a 5-month period, this study consisted of a high dietary protein 
phase (106 gm./day) followed by a low-protein phase (52 gm./day). Each 
phase was divided into a control period, a period during which each subject 


TABLE 1 


AVERAGE VALUES OBTAINED FROM THE ELECTROPHORETIC PATTERNS OF SERUM PROTEINS 
In 21 ELDERLY PERSONS AND 9 YOuNG ADULTS* 


Per cent of total protein Grams 
Young Aged Young Aged 
Motaliprotertey eee 100 100 6.88 6.08 
Albumin/globulin ratio... = — 1.44 0.88 
AMUN, oy Gene eegcacce 59.14 46.07 4.11 2.80 
(Globulin gaa ieee 40.86 53.93 PNY Hl 3.28 
Alpha Sere sepereers 5.04 6.30 0.35 0.38 
POOH ae dc, ais Slo mice ain 10.04 12.69 0.71 0.77 
IBF CNE s Petcitrad pole one 13.43 WES: 0.93 05 
Gamma haere 2.68 3.09 0.18 0.20 
Gamma total. /<--.... 12.34 16.17 0.84 1.07 


* Adapted from Karel, Wilder, and Beber.1® 


received 25 mg. of stanolone, an androgenic steroid, daily, and a follow-up 
period. In each phase, one half of the patients received a diet of 1800 
calories, and the remainder a diet of 2600 calories. Data obtained from a 
typical subjeet are presented graphically in ricures 4 and 5. The average 
balance data from the entire experiment are presented in TABLE 2. An exam- 
ination of the nitrogen data shows the marked effect of dietary protein level 
when the 2 control periods are compared. The data also show greater nitro- 
gen retention in response to hormone administration on a high than on a low 
protein intake as well as a distinct nitrogen-retaining effect of the hormone 
itself. 

The balance data have been subjected to an analysis of variance to assess 
the importance of calories as well as protein on the elements under study. The 
results of this analysis appear in TABLE 3. They suggest that the difference 
between the caloric levels studied (800 cal./day) has no influence on the nitrogen 
balance under the conditions of this experiment. The effect of dietary protein 
level, however, was highly significant. There was no influence of calorie- 
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protein interaction. Individual variation was significant for nitrogen; that is, 
differences among individuals were greater than period-to-period differences 


within individuals. Individual-by-protein interaction was without influence 
on nitrogen balance. 


To assess the role of dietary protein level on the metabolic response to hor- 
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Ficure 4. Records of a 71-year-old man. The effect of stanolone administration (25 
mg./day) on nitrogen, phosphorus, calcium, and potassium balances and on body ee 
while the subject was consuming a diet high in protein and in calories. The balance ‘ arts 
are constructed by plotting the intake downward from the zero line and then, Bene 
upward from the intake line, first fecal and, second, urinary excretion. Tf the sum gh 
of excretion coincides with the zero line, equilibrium is indicated; if it extends auokes i 
balance is negative; and if it lies below, the balance is positive. The ety of the 
nitrogen, phosphorus, calcium, and potassium charts are so selected that equa heig ie fae 
sent the approximate ratios at which these elements exist in normal ald eee an oo 
Stanolone was administered during the periods between the arrows. The circ ve panes e 
by solid lines indicate the observed body weight; the circles connected by the roken lines 
indicate the theoretical weight calculated from the nitrogen and potassium balances. 
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mone administration, a modified ¢ test analysis was performed on the ae 
In TABLE 4, the values for ¢ obtained from the comparison of la alesse 
treatment periods appear in the first column; from the comparison ot sa 
and low protein regimens, in the second column; and from the interaction o 
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FrcurE 5. Records of a 71-year-old man. The effect of stanolone administration (25 
mg./day) on nitrogen, phosphorus, calcium, and potassium balances and on body weight 
while the subject was consuming a diet low in proteins and high in calories. 


protein and hormone therapy, in the third column, A significant effect of 
hormone therapy on nitrogen balance at both levels of protein intake is shown 
by the / values in the first column. The significant effect of dietary protein 
level on nitrogen balance is shown by ¢ values in the second column. The 
lack of any significant hormone-protein interaction is shown in the third column. 

From these studies it is apparent that a high-protein diet is a greater stimulus 
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to nitrogen retention in the aged than either added calories or an androgenic 
hormone. Although the retention of nitrogen during androgen administration 
was slightly higher on the high- than on the low-protein diet, it has not been 
possible to demonstrate a statistically significant hormone-protein interaction. 

In another series of complete balance studies, Watkin and Steinfeld” have 
examined the effect of caloric hyperalimentation by fat emulsion administered 
intravenously in patients of various ages with and without malignant disease. 
During the control phases, elderly subjects with malignancies Were in negative 
calorie balance despite positive balances of nitrogen (TABLE 5), potassium, and 


TABLE 3 


Tue LEVELS OF SIGNIFICANCE OF THE INFLUENCE OF CALORIES, PROTEIN, CALORIE BY 
PROTEIN INTERACTION, INDIVIDUAL VARIATION AND INDIVIDUAL BY PROTEIN INTERACTION 
ON THE BALANCES OF NITROGEN, POTASSIUM, PHOSPHORUS, AND CatctumM DuRING PRE- 
TREATMENT (C), TREATMENT (E), AND PostTTREATMENT (F) PERIODS 


Cc E F 
wis |e lee late) 22] Bo iee. Tf aie) ec, 
Calories: ete anes ue || say yO)! |) Bsa || aay 1) an | 0 | n ne | m: 2 2 
PYOtelDn wacacosia aa eere on .001/.001}.001/ n /|.001).001) .01 | n -001) .001) (One) stot 
Calories by protein..... ma |] re || aah n n | | n | sig (ete aay n n 
IeavahayoGhitll, co ec agonnec AOS) |(stOHL |) cat n |.05 Res no om, HOOT ES 01 n 
Individual by protein...| n | n | n n ey eee | n Ta) ata n n 
N= 12 SS 
TABLE 4 


VALUES FOR “‘T’’? OBTAINED FROM A COMPARISON OF PRETREATMENT (C) AND TREATMENT 
(E) Pertops, A COMPARISON OF HIGH AND Low PROTEIN REGIMENS AND FROM 
THE INTERACTION OF PROTEIN AND HORMONE THERAPY 


C versus E | High versus low Protein versus hormone 
INitrogene. see aeons —3.568 8.488 —0.537 
ROtassitin ae —2.706 5.024 —0.700 
Phosphorus. ...7.... —2.044 2.804 Qed 


(Chaiken. ssc coc woe 0.562 0.474 0.363 


phosphorus. A 900-cal. daily intravenous supplement resulted in more posi- 
tive nitrogen balance but no change in the negative calorie balance. In 
other words, the patients were expending calories, largely from fat, while 
gaining nitrogen. Their caloric expenditure increased in proportion to calorie 
intake, leaving them in negative calorie balance despite caloric hyperalimenta- 
tion. A change in body composition characterized by a wasting of fat and 
retention of nitrogen can be inferred from the data. This study demonstrates 
the worth of examining multiple parameters in evaluating the problem of 
protein nutrition in aged man. 

A sixth example of a new approach to the study of protein nutrition in the 
aged is the use of isotopically labeled proteins in the investigation of protein 
absorption and its synthesis and degradation in man. Chinn, Lavick, and 
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Cameron” concluded that I'*-labeled albumin mixed with gelatin was digested 
and absorbed equally as well in the aged as in the young. I'*!-labeled human 
serum albumin has also been used by Steinfeld2! to demonstrate in albumin 
turnover studies a depressed albumin synthesis in elderly patients with malig- 
nant disease. Such studies have yet to be done in large numbers of healthy 
aged subjects. 

A final example of a new approach is a study by Silverstone, Watkin, and 
Shock,” who measured nitrogen, phosphorus, and potassium balances, dis- 
crete renal functions, blood chemistries, and hematologic values in young 
and aged groups of healthy men on moderate, low, and high protein diets. 
Analysis of the cumulative nitrogen balance data revealed no statistically 


TABLE 5 
CALORIE AND NITROGEN BALANCES IN A 70-YEAR-OLD MAN wita CARCINOMA OF THE 
KipNnEy BEFrore, DuRING AND AFTER HYPERALIMENTATION WITH FAT EMULSION 
ADMINISTERED INTRAVENOUSLY 


| Calories per 24 hours N in grams per 24 hours 
Six-day period 

Intake Expenditure} Balance Intake Output Balance 
Control Leste. ss. 2362 3374 | —1012 13.54 12.94 -++0.60 
Control 2...... 2362 | 3508 | —1146 13.54 12E25 1.20 
Gontrol3.....- 2. | 2362 | 3196 — 834 13.54 12.46 +1.08 
Elyperal i... ...... 3234 4324 — 1090 13) 54: 10.93 sp soil 
Piyperal 2). ses | 3289 4374 | —1085 13.54 10.87 +2.67 
Hyperal 3. =<... 3247 | 4350 —1103 13.54 11.87 +1.67 
Hyperal 4.2% 3). i 3269 4383 —1114 13.54 12.74 +0.80 
Eypera ss. os 1s 3260 | 4670 — 1410 13.54 12.34 +1.20 
Hyperal 6. 2 ....5:2 3283 | 3957 —674 13.54 12.83 +0.71 
Hollows bars acts. +: 2362 | 4163 —1801 13.54 12.92 +0.62 
Hollow: Joes. o%.-< 7302. “j. 3912 — 1550 13.54 13.41 +0.13 
OULOW! Osta ci siss ss 2362 | 3386 —1024 13.54 sor! -+0.03 
Hollow 438 2. <x | PETA || Ree! —496 13.54 13.95 —0.41 


significant differences between the abilities of the young and old groups to 
adapt to sudden decreases in protein intake. The old group did, however, 
show a transiently greater positive nitrogen balance than did the young when 
shifted from the low to the high protein diet. This was accompanied by an 
increase in blood nonprotein nitrogen that was more marked in the old. The 
change from a low to a high protein diet was accompanied by an increase in 
glomerular filtration rate and renal plasma flow but no significant change in 
Tmpan in both young and old groups. The transient elevation in nonprotein 
nitrogen and the greater positive nitrogen balances observed in the older 
group correlate well with the lower glomerular filtration, in absolute terms, 


characteristic? of aged man. 
Summary 


No experiments have been performed that indicate conclusively either 
qualitative or quantitative changes with age in the protein needs of healthy 
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adults. The assessment of protein nutrition in the aged is difficult because 
of the small magnitude of change per unit of age, the large variability both 
among individuals and within an individual, and the differences in experl- 
mental design and execution. For the moment, available evidence implies 
that an adequately balanced diet containing 1 gm. of protein per kg. satisfies 
the requirements of the healthy aged. Individual problems, however, call for 
special solutions tailored to the conditions at hand. Socioeconomic factors 
and the presence of disease have far more practical influence than age per se in 
determining the status of protein nutrition in the aged. Despite our lack of 
precise information on the interrelations of age and protein nutrition in man, 
broader application of conventional methods and the introduction of recently 
evolved techniques, several examples of which have been cited, offer new hope 
for more satisfactory answers to the academic problem. 
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Discussion 


MarGaret A. OHLSON (State University of Iowa, College of Medicine, Iowa 
City, Iowa): Donald Watkin has emphasized the variability found in nutri- 
tional measurements of the aged, both between individuals and in one individual 
from time to time. Such variation is not surprising, since the aged present 
as wide a range of nutritional status as does any other age group; moreover, 
years of living have established habits of eating and physiological response 
that may be difficult to modify in any short experiment. Older people may 
achieve a satisfactory intake of nutrients in many ways. Ina county home in 
Michigan housing many Scandinavians, potatoes contributed 15 to 20 per 
cent of the protein, and the residents were vigorous for their ages. 

My colleagues and I have studied about 300 women, many of them for years. 
Of these, 28 have been studied many times, using the balance experiment and 
the technique of observing the self-selected diet and then varying the protein 
intake over a wide range. One group of subjects was in nitrogen equilibrium 
on intakes of 0.8 to 0.9 gm./kg. of protein. Additional protein caused reten- 
tion only briefly; less protein resulted in loss of nitrogen unless calories were 
increased. However, these active women of 60 to 80 years found less protein 
and more than 1800 to 2100 calories unpalatable; they also found that such a 
dietary formula required special preparation, which made living in a family 
group a burden. Thus, although 0.8 to 0.9 gm. of protein per kilogram of 
weight may not have been a physiological minimum for this group of healthy, 
aging women, it represented a practical minimum. aes 

The rest of the women of this series required more protein to maintain 
equilibrium, usually more than 1 gm./kg. of weight, and they retained protein 
when an extra amount was offered. In some cases retentions continued for 
months. Examination of the women themselves revealed that the first group 
were normal in weight, vigorous, and had few complaints of minor ill health. 
Dietary histories suggested that they had always eaten moderately, but well. 
The second group tended to be overweight and less vigorous, and had many 
minor complaints. Their dietary histories suggested irregular meals and 
little liking for the protective foods such as milk, fruits, and vegetables. 

Many older individuals have learned to control the outward expression of 
emotions, but this does not preclude a physiological response. One well- 
poised 65-year-old woman who worked regularly as a janitress had been in 
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nitrogen equilibrium for months on a daily intake of 1800 calories and 1 = 
of protein per kilogram. During 5 days she lost 20 grams of nitrogen ee 
learning that her son had been injured in battle, but she did not change her 
food intake or show outward signs of stress. During the following week she 
retained an equal amount of nitrogen. This cycle of loss and retention was 
repeated 2 months later under similar circumstances. A vigorous 80-year-old 
became a shuffling old woman in 6 months after she gave up her large home 
and the care of several roomers to live in a small apartment adjoining her 
daughter’s home, although the arrangement had been made with her full 
cooperation. The physiological responses of the aged are varied, but observa- 
tions made over long periods can provide some understanding of the range of 
variation and some of the reasons for variation, the importance of which may 
then be evaluated. 

FrepEric D. Zeman (The Home for Aged and Infirm Hebrews, New York, 
N.Y.): Donald Watkin’s excellent exposition of modern viewpoints and methods 
in studying the protein needs of elderly men and women has caused my 
thoughts to turn back to the spring of 1914, when I was completing my first 
year as a student at the College of Physicians and Surgeons of Columbia 
University, New York, N. Y. In the biochemistry laboratory I came to know 
Paul Howe, then an assistant professor in the department. The combination 
of Howe’s honeyed words and my own innocence led to my becoming involved 
in a study of protein metabolism during and following fasting, in which I 
served both as a member of the team of investigators and as the subject. 
My fast lasted for 7 days, preceded by a period on a standard diet, followed 
by 4 days on a glucose-fat diet, and again by 4 days more of a standard diet. 
I do not propose to describe all the details, which are still vivid in my mind; 
I state merely that on the basis of these exhaustive and painful researches we 
were able to present 3 papers at the December 1914 meeting of the Federated 
Biological Societies in St. Louis, Mo. 

When Fredrick J. Stare asked me to discuss this particular presentation, 
he could hardly have realized that he was evoking fond memories of my first 
scientific love. In the years that followed I became enamored in turn of 
pathological anatomy and of clinical medicine, particularly as related to the 
problems of old age. This personal background makes me appreciate all the 
more keenly Watkin’s emphasis on interindividual and intraindividual dif- 
ferences and on the differing experimental conditions in various laboratories. 
I have emphasized elsewhere the difficulties in studying modifications of 
physiological response in the aging organism: “In setting up our plans of pro- 
cedure we must study each individual with care to avoid including any with 
diseases that might alter the basic responses. We must exercise caution in 
utilizing old people classified only according to chronological age. We must 
not be deluded by apparent or outward health, since older people show a great 
contrast between diagnosable pathological lesions in their bodies and their 
actual functional capacity.” TI like to describe the picture of disease in the 
aged as characterized by multiplicity, chronicity, and duplicity. 

This illustrates very well the points that Donald Watkin and Margaret 
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Ohlson have emphasized in this field. The problem of working with the older 
people, whether one is studying them from the standpoint of physiology or 
pathology, is one of extremely complex or difficult nature in comparison with 
the work of our colleagues in pediatrics. 

The need to plan investigations in such a way as to avoid deleterious effects 
on the subject would seem to be obvious enough, but one must also make every 
effort to control the effect of emotional stimuli upon the bodily reactions. I 
have often wondered what effects are produced in certain types of studies 
by the pain, fear, and anxiety caused by repeated venipunctures or by the 
discomfort of lying for hours with a catheter in the bladder. In old patients 
the unpleasant effects of experimental procedures are aggravated by the 
presence of long-standing psychoneuroses and by organic disease of the central 
nervous system, which may present no obvious symptoms. 

The long-standing custom that one discussing a paper has not fulfilled his 
duty unless he picks upon some area, however trivial, that the essayist has 
either overlooked or treated inadequately is hardly possible in this case; 
nevertheless I now insert a small “but” by reminding the reader of the rapidly 
increasing body of knowledge on the pathology of protein utilization in the 
human, particularly as shown by the “inborn errors of metabolism.” In the 
past few years I have become increasingly interested in these genetic disorders, 
particularly because so many of them do not manifest themselves until late 
in life, as do diabetes and gout, for example; furthermore, because these inborn 
errors of metabolism are not at all incompatible with a long and useful life. 
It seems to me that in these inborn errors of metabolism, in these peculiar 
breakdowns of bodily processes at some point in the processes of enzymatic 
degradation, we may see a very great possibility for future studies as our 
techniques for determining these substances become more accurate. I feel 
very strongly that a study of the genetic disorders may point the way to the 
imaginative investigator to seek new methods and new approaches that will 
lead to developments no less startling than those recorded since I first experi- 
enced my great hunger more than forty years ago. 
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THE TREATMENT AND PREVENTION OF KWASHIORKOR 
IN FRENCH WEST AFRICA 


By Jean Sénécal 
School of Medicine, Dakar, French West Africa 


INTRODUCTION 


In underdeveloped nations protein deficiency constitutes one of the most 
serious problems and has wide economic and social repercussions. Protein 
deficiency is especially serious during growth, and in children its worst effect 
is found in the guise of kwashiorkor, which ordinarily develops in the weeks 
following weaning. 

In addition to the well-known and easily recognizable forms of the disease, 
there exist numerous other ill-defined forms that can lead, for example, to 
malfunction of the pancreas or liver and lay the foundation for more serious 
complaints in the future. 

In adults and in children alike, lack of sufficient protein brings about lowered 
resistance, a phenomenon very common in Africa. 

Treatment of advanced kwashiorkor by a high-protein diet gives excellent 
results, and the death rate from this disease, which was formerly 80 per cent, 
is now 20 per cent. However, on returning home from hospital, the child 
again becomes exposed to the deficient and unbalanced diet that originally 
caused malnutrition, and it is not unusual, one or two months later, to find the 
child suffering from a more severe case of the disease than when he was first 
hospitalized. 

Therefore, the real treatment of kwashiorkor and of protein deficiency must 
be preventive and must be based on the two following essentials: on one hand, 
the education of the population, mothers in particular, and on the other hand, 
the production of protein nutrients of good biological value and at a price 
commensurate with the standard of living. 

I shall begin by describing the treatment of the pure forms of kwashiorkor; 
this will enable me more easily to present the preventive treatment undertaken 


either with local products such as peanuts and fish flour or with isolated amino 
acids. 


TREATMENT OF FRANK KWASHIORKOR 


The treatment of kwashiorkor is now well established. Many writers 
have shown that a diet rich in proteins gives a favorable result. Skim milk 
sometimes enriched by the addition of casein, has been used most frequently. 
However, in a very interesting study, Dean! has obtained excellent results by 
using soybeans. 

Benefiting from earlier studies of the problem,” *: # and basing our work on 
Be a ne the treatment of 350 children suffering from kwashior- 

or and hospitalized under our ca 7 1 
I have developed a method of ee ebay 7 me asta reais a 
Tam concerned here only with cases of typical kwashiorkor; that is, kwashior- 
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kor accompanied by clinical, biological, and histological symptoms that are 
now well known. Most common among these Symptoms are edema, lesions 
of the skin and of the mucous membranes, changes in the hair, hypoprotein- 
emia (less than 6 gm. per cent), the lowering of the amylase level, and fatty 
degeneration of the liver at biopsy. 

These typical forms themselves differ in severity: one child will arrive in 
such critical condition as to die within the next few hours, while another ob- 
viously will not be so severely affected. 

In any case, treatment must not be delayed, because deterioration may 
proceed rapidly. Children diagnosed ‘suspected kwashiorkor,” controlled 
through consultation and not following the prescribed diet, can return 10 days 
or 2 weeks later looking the very picture of advanced malnutrition. 


Choice of Proteins 


Milk and even vegetable protein can give good results. Some workers 
enrich milk with casein in order to increase the protein level. 

However, as the exocrine cells of the pancreas may have suffered early and 
serious damage, it seems better to use protein hydrolyzates that quickly make 
available to the body a greater quantity of amino acids and allow a functional 
recovery of the enzymatic system with much less delay. 

In furtherance of this aim, we used a protein hydrolyzate prepared by a milk- 
chocolate manufacturer. This consists of an acid hydrolyzate and an enzyme 
hydrolyzate of casein and lactalbumin, and thus contains a mixture of amino 
acids in balanced proportion. An analysis of this preparation is shown in 
TABLE 1. 

The results achieved fully met our expectations. With this product, ad- 
ministered orally, we obtained more rapid results than with milk alone and, 
even more markedly, than with vegetable protein. 

This picture emerges both from studies made by members of our own organi- 
zation and from the analysis of results obtained by other workers. 

The high cost of the protein hydrolyzate is justified and compensated for 
by the reduction in term of hospitalization that results from its use. 

In addition, we have pointed out the urgent need, in certain cases, for rapid 
treatment and, even though we have not yet obtained enough results to estimate 
the action of hydrolyzates administered intravenously, we do not hesitate to 
give infusions of plasma in very serious cases for the immediate purpose of 
preventing collapse and of re-establishing blood volume. 


Dosage 


At first we used hydrolyzates in almost pure solution and avoided the use 
of fats and carbohydrates which, according to some workers, may prolong 
diarrhea. 

Initially, therefore, we administered 50 to 70 gm. of protein in a very un- 
balanced diet. The results were rapid; the strikingly quick disappearance of 
edema in 3 or 4 days and of skin lesions in 10 days, coupled with the results 
of biochemical and histological tests, offered proof of favorable progress. 
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However, toward the fifth day, a certain number of patients exhibited : 
particular syndrome, and children who were recovering and beginning to i 
themselves suddenly fell into deep coma, with neither convulsions nor neuro oe 
cal symptoms, and died. Serum analysis showed a significant fall in bloo 
glucose level that appears to us to be the cause of the trouble. This can be 
compared with hypoglycemia found in fatal forms of kwashiorkor, and it 
indicates the necessity for careful control of carbohydrate metabolism. 

On realizing this necessity, from the very beginning of treatment we gave 
a diet much richer in carbohydrate, one made up of a mixture of partly skimmed 


TABLE 1 
ANALYSIS OF PROTEIN HyDROLYZATE PREPARATION 
Hydrolyzate 
Ingredients Per cent 
| 
Nitros env totals: pom sane nis pay tan 12.0 Corresponding to about 88 per 
cent protein 
i i Varn liye) iene een 70 
Teme ie ie : ‘ J bene a eer ant Pr Na, 0:9" per cent; Cly Oss per 
cent 
Wia tera crisetennegacyarstiaus Sans staat arty erate race 0 
100 gm. = 360 cal. 
Amino Acid Content 
“Essential”? amino acids Per cent “‘Nonessential’’ amino acids Per cent 

il, AMA yoNWopINE A. oe eae as seu 0.6 S Gily cine? 126... eg asaee 30 
Qe Phenylalaminewans veces ee 2.9 TO. AlABING. cinco ih. aeorsate rte 6.0 
SAP VALI We ayaa arin eet 6.0 le PSEC ey ers eee tee 5.0 
A's (eee. nano ROE Der bow 9.0 12. Cysiitiers oe eet 0.3 
SO wlsoleucine anette 4.7 LS, yROSING he eee, <2 
(Os AMoueeteyalhe, conosco cous ne 4.0 [4 ASPAriG aCe. anne 4.5 
Ue, WNGiMAMON NON, 5 oon ee oe Deo 1: Glutamic acid a... ssa. 13.0 
SARL VSI er rarest aes Ree: (fa) 16s Prolineten. eee oe oe 9.0 
ifs Jistidine. ase eee Pes) 
ewer auaedtertoon «As TN. whe. PG 


milk and protein hydrolyzate. Tasrr 2 shows the average results obtained 
from 20 roughly comparable children. 

Even with this carbohydrate-enriched diet, calorie intake at first remains 
below normal. However, it quickly rises to normal for the age of the child, 
and is not long in greatly surpassing it, reaching 140 to 150 cal./kg./day. 

At this stage, in addition to receiving milk enriched with protein hydroly- 
zate, the child also follows a normal dietary routine that includes meat or 
fish, vegetables, fruit, and cheese. 

The protein level is high, between 8 and 10, or even 12 gm./kg./day, and 
is well tolerated, provided the over-all calorie intake is correspondingly in- 
creased. It is noteworthy that no digestive troubles develop. On the con- 
trary, the initial diarrhea ceases and the appetite reappears. It seems likely 
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that the introduction of fats into the diet would permit a more rapid increase 
in calorie intake without causing digestive upsets. A typical case is shown in 
FIGURE 1. 


TABLE 2 
STANDARD DreTARY TREATMENT FOR KWASHIORKOR* 

= 7 | fa 

, ms Six- Twen- snty- a8 

First day ae eet deanths ian gus Thirti- 

| day day day day day day eth day 
Proteins (gm.) 35.38 43.15 75.58 88.27 85.96 91.86) 86.20} 88.60 
Carbohydrates (gm.) 35.57 53.21 133.98 | 147.10} 129,91 | 160.79] 138.59] 132.47 
Fats (gm.) 7.11 10.67 | 30.35 39.46) 45.53 49.49] 50.93] 54.03 
Daily calorie intake 348 478 1,106 1,287 1278 1,446 1,357 1,281 
«ee Saf ES 4 36 «| 27 27 27 25 25 26 

Total calories 

Weight of child (kg.) 10.015 8.476} 9.642 11.146 


* Twenty typical cases with an average age of 24.46 months. 


: © Proteins 

2,000 Calories Patient W.D, Age: 26 mo. i Colories 
200 gm. Protein 

180 1.636 1,770 

160 1512 : 4,550 

140 423 4229 1.400 ae 

120 106: 1079 

100|Proteins 
1009 1C glories 6 

Cs) 72 

= 489m. 

«0 - 

20 

2 = 12° 16° 2° 27° a20 Days 


Weight (kg.) 
11,500 


11,250 Total protein in 
the blood (gm.%) 
41,000 
10,750 
19500 
rr 3S 
Hew aes STE. Fade, ELLIS AOR 18 EBD AL a2 2S 2625) 201/27, 2812900781 22,88 Dave 


FicurE 1. Typical case record of a child treated for kwashiorkor by means of a high- 
protein diet (patient W. D., aged 26 months). 


Technique of Administration 


When, upon his admission, the condition of the patient gives cause for 
alarm, we give plasma intravenously—an average Oiet50emi,’ “The injection 
is made in the subclavicle vein, using the technique developed by Aubaniac,” 
which seems to us one of the easiest for children of this age." 

The child is then put on the diet. It often refuses the bottle and must 
be forced to take nourishment. A thin polyethylene tube is introduced 
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through the nose, and a mixture of skimmed milk and hydrolyzate is gradually 
administered. The tube can be left in place for a day or two, and this pro- 
cedure is less injurious than if the tube is reinserted every three hours. We 
must not forget that we are dealing with weakened children, and that nursing 
care is made easier for a small staff if the tube is left in place. 

After 24 to 48 hours the child begins to eat voluntarily; forced feeding is then 
no longer necessary. Feeding is carried on by the bottle, and then meals 
are added, thus permitting an increase in total intake. After the twelfth 
day the child himself can regulate his intake, which thus becomes more ir- 
regular, although still in excess of the average for the child’s age group. 


Discussion of the Level of Protein Diet 


These high levels of protein intake contradict the normally accepted ideas 
of pediatricians concerning the level of protein tolerance. 

The question arises, however, as to whether or not these dosages are neces- 
sary. Is it possible to obtain identical results with smaller dosage? In 
addition, is there not a danger in prescribing a diet so rich in proteins? 

In the course of treatment, the blood urea level rises continuously and 
increases from 10 or 15 mg. to 35 to 40 mg. per cent. It has been known 
to increase even beyond these levels and, in a few cases, has reached 80 and 
even 100mg. Dean’-” observed the same phenomenon and, without modifying 
the diet, found that the level returned to normal after a few days. In view of 
these high levels, we considered it necessary to reduce protein intake and, 
after some days, the urea level subsided. This increase in blood urea level is 
not accompanied by any deleterious side effects and appears to be the result 
of a nitrogen metabolism operating at full force. 

At the conference on nutrition held in Princeton, N. J., in 1955," Platt pointed 
out the danger of suddenly administering a high-protein diet to animals form- 
erly deprived of sufficient protein, since this might bring about renal lesions. 

Measurement of nitrogen intake and excretion has shed light on certain 
points. The results obtained are set forth in TABLE 3. They already have 
been published,'** and I shall touch only the principal points. 

The nitrogen balance was always positive, except in the case of one child 
who proved impossible to feed and therefore died. The ratio of urinary 
nitrogen to fecal nitrogen is greater than one. We can conclude from this 
that intestinal absorption is good. From this we deduce that these quick 
results are obtained by using protein hydrolyzates that do not at first neces- 
sitate intensive action in the atrophied exocrine cells of the pancreas. 

Nitrogen balance remains strongly positive for several weeks, and nitrogen 
retention reaches 50 to 60 per cent by the fiftieth day (patient D. Oum.). It 
would seem, therefore, that a high-protein diet is beneficial. 

The best levels of nitrogen retention are obtained when the components 
of the diet—carbohydrates, fats, and proteins—reach a certain balance, A 
heavy relative intake of protein is tolerated only provided total caloric intake 


is increased. ; 
There seems to be a link between percentage retention of nitrogen and the 
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ratio of protein calories to total calories and, particularly in the No. 2 balances 
(reached from the eighth to the eighteenth day), the percentage of retention 
diminishes proportionately with the increase in ratio. 

Nitrogen retention does not, therefore, depend solely on the quantity of 
protein ingested, but is also influenced by the ratio of protein calories to total 
calories, and it seems to be optimal when this ratio reaches 25 per cent. 

Measurement of the tyrosine index and of creatinine and creatine in the 
urine showed that there were no biological symptoms of intolerance to nitrogen. 

Consequently, treatment by means of a high-protein diet does not appear 
to overstrain liver function, and it would seem useful to prolong the diet 
since nitrogen retention remains high. This procedure does not seem to be 
dangerous. 


Supplementary Treaiment 


The addition of vitamins, particularly vitamin Bj2, to a high-protein diet 
has been recommended. However, treatment by means of isolated vitamins 
or groups of vitamins in no way alleviates the condition. In particular, the 
addition of vitamin B; and Bz does not affect cheilitis, whereas a high-protein 
diet causes it to disappear within a few days. The same is true of niacin, 
which has no effect on the skin disorders. 

The addition of vitamins does not appear to enhance the action of a high- 
protein diet which, with the addition of hydrolyzates, is particularly rapid. 
The same is true of hormones, particularly androgens, which are recommended 
because of their anabolic action on proteins. 

Antibiotics are frequently prescribed to control infection that has often 
characterized the onset of kwashiorkor or that is associated with it. On the 
other hand, antiparasitic agents are not used until after several days of treat- 
ment, when the general condition of the child is improved—except in cases 
where serious parasitic diseases, such as certain forms of amebiasis and malaria, 
are jeopardizing the child’s life. More recently, potassium has been added 
to increase the over-all benefit of this treatment. 

Analyses of blood-potassium levels in patients at the time of their admission 
often give low figures—less than 2 mEq. Average figures obtained from 25 
patients are’shown in TABLE 4. 

In similar fashion, analyses of urine conducted in connection with nitrogen- 
balance tests have allowed us to evaluate the elimination of electrolytes at 
the onset of kwashiorkor and at the time of the re-establishment of normal 
nitrogen level (TABLE 5). 

At admission, there exists a feeble hypotonia in the extracellular fluid 
but, as soon as the edema disappears, tonicity becomes normal once again. 
However, sodium level remains slightly below normal, and the elimination 
of sodium in the urine is not great. There is even a decided preponderance 
of chloride lon over sodium ion. The serum potassium level is low at first 
and Increases as the result of the addition of potassium during treatment. 
In certain cases, however, potassium does not seem to be retained, and the 
serum potassium level increases hardly at all, whereas the potassium level in 
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the urine is high. It seem to us that the addition of other cellular ions such as 
phosphorus, sulfur, and magnesium should facilitate the retention of potassium. 


TABLE 4 
ELECTROLYTE COMPOSITION OF SERUM OF 25 KwasHIORKOR PATIENTS 


Freezing point Parts per thousand 
Period of treatment (C.) depression 
(corrected 
for urea) Cl Na K 
Average normal limit............| —0.560° 98 to 107 1S5;to 1SSNP4 54 to 522 
PVGBER eC eUClN Bit mig 6 oye. —0.560° 104 145 4.8 
First period* (admission) 
ee | —0.490° 87 119 2.6 
RUGS sen italy: ae ore | —0.555° 105 140 5.6 
CER Ee eee een EE ere ae / —0.530° 99 131 3.8 
Second period? (Sth to 12th day) 
AVI TU BIE ett aids operas } —0.535° 95 120 4.4 
Ra Riana wares tee ees =O: 560° 105 139 6.4 
ae le a ee | —0.545° 100 128 Seal 
Third period (after 20 days) 
ROTI, fy ge BP 8 od eae —0.540° 92 133 4.5 
MASEL Way als oats so —0.565° 104 144 5.4 
PRC SEES Sree ce rio oc 2c 8 —(.550° 100 136 4.8 


* Corresponds with the day of admission and with days 1, 2, and 3 of treatment. 
Tt Corresponds to the time of minimum weight, or about the eighth day. 


TABLE 5 
URINE ANALYSIS—SAMPLES TAKEN FOR QUANTITATIVE NITROGEN BALANCE 


Nolume,| Level, mEa,/iter oe 
Period (mean of | 
3 24-hr. | 
periods) cl Na K Cl Na K_ |Na/Cl) Na/K 
First period* 
1 tet tio) 601 See ee oe eee 0.070 10.9 1.4] 0.08 
NEAT ANE AS olsen a es o> 0.540 49.0 de9e\ 57.9 
PA CEAQ Ee ai iran Se nice ae 0,345 127.0 | 4.9' | 27.49.31. 79-45) 0: 18) 0017 
Second period* (at minimum 
weight) 
Wibvaiheriiiit Se Reyne eee 0.200 eae ee 
Maximum......... A Oe 0.650 |42.25] 39. 
ae wigs, BO Tee 0.415 |20.30]) 14.1 | 45.1 | 8.4 | 5.8 |18.70) 0.69) 0.31 
Third period (after 1 month) 
IMMIMAUOT eas nse oe om 0.200 |22.80) 11.6] 1.5 
Maximus faa ata. ee = = = « OSS s 151526) 202o" | Lis 
ACTA GC Mewes ae eogin tes a ec 0.297 |32.10| 19.9] 8.4 | 9.5 | 5.9 | 2.50) 0.62) 2.37 


*In the first and second periods, the increase in urine flow results from the cessation of 
edema. 


The fall in potassium level is therefore the most striking characteristic of 
electrolyte disorder, and perhaps the sodium is retained to replace it in the 
cells. The K deficiency is caused by diarrhea and vomiting, and is aggravated 
by anorexia. It is suggested also that corticoadrenal hormones, particularly 
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FicurE 2. Serum protein changes during the treatment of kwashiorkor (grams per 
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aldosterone, accentuate the elimination of potassium while causing sodium to 
be retained. _As Soon as tissue repair begins, the need for potassium increases. 

It is therefore necessary to add significant doses of potassium (100 to 200 
mg./kg./day), preferably in citrate or acetate form, to correct. the acid-pro- 
ducing tendency of the high-protein diet (the normal alkaline reserve tends to 
decline slightly at the beginning). 


Results 


The effectiveness of this treatment is supported by the following clinical 
evidence: 

(1) The disappearance of edema is less rapid than when pure hydrolyzate 
solutions are used, and the weight curve reaches its lowest point in 5 to 8 days. 
In addition, in cases of slight edema, the curve, instead of dipping, stays 
level before making a decided turn upward, and the gain in weight compen- 
sates for the loss sustained through the disappearance of edema. 

(2) The appetite recovers. 

(3) There is cessation of diarrhea and a change from fermentative to proteo- 
lytic intestinal flora. 

(4) A decrease in psychological disorders occurs. For example, a child, 
once uncooperative and apathetic, begins to smile and to play. 

(5) There is disappearance of disorders of the skin and of mucous mem- 
branes; in 10 days the skin ceases to peel. Skin lesions are healed, and only 
areas of depigmentation in process of healing persist. Treatment must be 
carried on for an entire month, however, before the skin becomes supple, 
shiny, and pigmented and takes on a completely normal appearance. 

Biological symptoms develop simultaneously with clinical symptoms. The 
serum-protein level rises from 4 to 7 gm. per cent in a week, as shown in 
FIGURES 2, 3, and 4 and in TABLE 6. 

Above all, it is the increase in the albumin that is striking. On the elec- 
trophoretic curve, in addition to the albumin peak, a fall in the y:- and y2- 
globulins and a rise in the 8-globulins are observed. These indications appear 
to be sufficiently uniform to provide a reliable means of following the progress 
of the disease. (FIGURE 5). 

The enzyme levels also rise, especially in the case of the blood amylase 
level, which is low at the beginning of treatment and rises rapidly, passing the 
normal level of 80 to 100 units to reach an eventual level of 150 to 200 units. 

Finally, the carrying out of liver biopsy affords us the means of observing 
the regression of steatosis. The change here is extremely rapid. In 8 days, 
general steatosis of the lobule disappears, leaving the liver normal and the 
protoplasm of the cells barely clarified. 

Under present conditions, even with a shortage of well-trained staff, treat- 
ment with a high-protein diet has reduced the death rate considerably (from 
80 to 50 per cent). Under the strict control of a nurse trained in dietetics, 
the administration of a high-protein diet has resulted in a fall in the death rate 


to 25 per cent. af oro 
During the past few months, judicious use of antibiotics and of potassium 


926 Annals New York Academy of Sciences 


has reduced the death rate to 20 per cent. This residual mortality rate 1s 
due either to the admission to the hospital of patients who die within a few 
hours or to infection, the role of which in aggravating malnutrition we have 


30 1. On admission 
2. After 12 days of treatment 
3. After 1 mo. of treatment 


4. Cure 


Albumin =< 

Ficure 4. Variation in serum protein level during treatment of kwashiorkor (grams per 
thousand). Symbols: 1, on admission; 2, after 12 days of treatment; 3, after 1 month of 
treatment; 4, cure. 


TABLE 6 
THE RISE OF SERUM PROTEIN WITH TREATMENT 


Number of analyses Average {Minimum and maximum figures 
At admission 89 28 2.6 6.2 
After 5 to 12 days of treat- 64 02 Bh ies 
ment Ome LG53)= 


24 (1954)* | 
20 (1955)* 
After 1 month of treatment 53 


14 | 


O04 hi RoGk ad Gadi 
| 


TIIAND & | 
ro) 
on 


* We have purposely indicated the figures obtained in 1953, 1954, and 1955 after 1 week 
of treatment. According to my interpretation, these data demonstrate the progress we have 
made in our method of treatment. 


already noted. These infections, following their own course, may cause death 
in spite of the use of antibiotics. 

However, the prognosis for these children remains uncertain. It would 
nevertheless seem that there is no direct relationship between fatty degenera- 
tion of the liver and fibrosis, which develops so often in somewhat older children. 

Thus, the immediate rather than the distant future of these children should 
cause us concern; relapse is particularly to be avoided. On returning home, 
the child is exposed once again to the poor habits and ignorance of its parents, 
and it is then that preventive treatment becomes important. 
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PREVENTIVE TREATMENT 


The prevention of kwashiorkor therefore appears to be of greater moment 
than does the treatment of advanced forms of the disease. 

Preventive treatment is even more important in the case of the ill-defined 
forms that occur so frequently. In a recent survey, we found, with L. 
Aubry,” that, in the weeks following weaning, one child in every four shows 
signs of malnutrition: edema, disorders connected with the skin and the mucous 
membrane, and deterioration of the hair, all of which rarely form a complete 
picture, but are sufficiently marked to indicate a certain degree of deficiency. 

Moreover, it has been our experience in several cases in which the prescribed 
diet has not been followed that severe malnutrition can ensue, thus requiring 


Responding favorably 


Total. protein 


Total protein low nae 
Albumin/globulin Rising 


Albumin/globulin weak 


As “Ze . % 


KWASHIORKOR DURING TREATMENT OF KWASHIORKOR 


a2 Rising 


Albumin/globulin remains 
low despite high general 
protein level (about 8 per cent) 


(al bumin/globulin 


A %1~%2 B 7 


NORMAL, OR CURED LATENT KWASHIORKOR 
OF KWASHIORKOR 


Ficure 5. Variations of the electrophoretic curve in kwashiorkor. 


immediate hospitalization of the patient. The study of the weight curve of the 
African child shows that dietary deficiencies start very early in life. 

During the first three months of life, the breast-fed child, in close contact 
with the mother, develops well. Its weight curve is better than that of the 
European child, as shown in graphs shown by Falkner at the Copenhagen 
Congress of Pediatrics (1956).'*'% At 3 months, the 2 curves meet and, from 
then on, the curve of the African is consistently lower. This retardation, 
barely indicated at 6 months, becomes more pronounced up to 1 year or 18 
months. The cause is obvious: the mother’s milk has become insufficient, and 
the African mother does not know how to supplement her child’s diet. Her 
milk remains of good quality, and research, undertaken particularly in the 
Belgian Congo, has established that its nitrogen and amino acid content re- 
mains unchanged in spite of the continuation of breast feeding. However, the 
quantity of the milk diminishes, and some workers have suggested that the 
mother should be given supplementary nutrients to increase her production 


of milk. 
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However, in trials conducted by Holemans, Lambrechts and Martin,” it was 
found that for every 40 gm. of skim milk received daily by the mother, the 
child receives only 0.8 gm. of supplementary proteins. ; 

In addition, even if the quantity of milk were to be increased, 1t remains 
true that this excellent food is by itself insufficient to assure normal growth 
after the age of 6 months. 

It would appear, therefore, that the efforts of the PMI* should tend rather 
toward supplementing the child’s food than adding to the diet of the mother. 

Moreover, at weaning, a point that must be reached sooner or later, the 
problem becomes even more acute. This is the most dangerous time of all 
for the child, since he is then deprived of his mother’s milk without having 
learned to replace it by an adult-type diet that has been introduced progres- 
sively. The child then lives for several months in a state of balance or of 
slight deficiency. After several months he may adapt himself to the situation, 
and slow or limited growth may resume. On the other hand, if a parasitical 
or infectious condition gains a hold at this time, the balance is immediately 
disrupted and kwashiorkor makes its appearance. In 1956 more than one 
half of our kwashiorkor patients were children between the ages of 18 and 30 
months who had just had measles. 

The preventive treatment of kwashiorkor must take two considerations into 
account: the education of the people, especially of the mothers, in good feeding 
habits, and supplementation of the local basic diet with a product that will 
supply the missing amino acids. 


Education in Good Feeding Habits 


I do not propose to devote much space to this subject in this report. A 
whole program of education has been set up in Dakar that is concerned pri- 
marily with the training of personnel, without whom no program can be put into 
effect. Various tests conducted by the Food and Agriculture Organization 
(FAO) of the United Nations in French West Africa have made possible the 
formulation of a procedure that can be applied at all levels where PMI has 
any influence: in the hospital, in the clinic, in PMI centers, in the home, and 
in the school: The use of photographs and of locally drawn posters helps in 


the education of the population. Radio broadcasts in the native language are 
also used. 


Introduction of Local Products into the Diet 


Supplementing the local basic diet with a product that will supply the missing 
amino acids can be achieved either empirically by introducing local products 
into the diet—this procedure I shall consider first—or by the addition of amino 
acids both singly and in groups. This latter procedure does not lend itself 


easily to scientific evaluation, and thus far we are able to present only incon- 
clusive results. 


The problem of providing a sufficiently high protein intake for the entire 


+ 


Protection Maternelle et Infantile (Mother and Child Health Service). 
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population rightly claims the attention of government. The authorities of 
every area are seeking the most readily attainable solution of this problem. 

Milk supplementation is hardly possible as a long-term solution. A local 
milk industry would require years before it could become established, and it 
would be hampered by poor pasture land, animal disease, and difficulties of 
transportation and harvesting. 

Dry milk has proved its effectiveness in trials carried out by the United 
Nations International Children’s Emergency Fund (UNICEF). It is, how- 
ever, too expensive to be used widely by the native population except when it 
is provided free of charge by such an international organization. Con- 
sequently, most countries are trying to develop the raising of livestock, the 
formation of a fishing industry, or the cultivation of selected cereals or vege- 
tables. 

In French West Africa, millet or sorghum form the basic diet, with corn 
as a secondary foodstuff. However, the use of locally grown or imported 
rice is beginning to spread. 

Apart from these basic cereals, two protein sources exist that have not thus 
far been exploited. The first of these is peanut press cake, a by-product of 
oil production, which is available in large quantities. Peanut production in 
French West Africa in 1948 was 870,000 metric tons, and in 1956 and 1957, 
Senegal alone produced 600,000 metric tons. Peanut press cake is rich in 
protein (it has an average protein content of 50 per cent), and until now it 
has been exported to France or to other foreign countries for use as cattle 
food. The press cake that remains after extraction with chemical solvents 
can be dangerous; residual trace quantities of solvent render it carcino- 
genic. We must therefore rely on press cake from which the oil has been 
extracted by means of pressure and under conditions in which the heat used 
has been carefully controlled to avoid the destruction of lysine. 

Simple processing of the press cake (removal of the husk, roasting, and 
sieving) gives a product suitable for human consumption containing less than 
2 per cent cellulose and 5 per cent fat. A commission of the FAO has estab- 
lished production standards, and the tests that we have conducted in French 
West Africa over the past four years have been made with this standard product. 

The second most important dietary protein supplement is fish. A consider- 
able fishing industry already exists in coastal areas. The African dries the 
fish and eats it when the season is no longer suitable for fishing. Small quanti- 
ties of this dried fish are exported into the interior, but this food product is 
preserved and transported under very poor conditions. 

The development of this source of protein is very attractive, since it can 
supplement the diet more effectively with the essential amino acids than can 
vegetable protein. Fish is most conveniently used in the form of fish flour, 
which is already in industrial production in several areas of Africa, including 
South Africa, and Morocco. UNICEF has recently advanced funds for the 
construction of a pilot plant in Chile scheduled to begin production in Sep- 
tember 1957. 

For the past four years we have used fish flour produced on a small scale by 
the Fisheries Service of the Government General of French West Africa. 
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In trials conducted with children we have been able to ascertain which vari- 

ieties prove the most acceptable and what the tolerance level is. The latter 
i in excess of effective dosage. 
. eee past three years, we have used fish flour mixed with millet and 
peanuts. These two products add greatly to the protein content of the 
diet—50 per cent in the case of peanuts and 70 to 80 per cent in the case of 
fish flour. However, these proteins are not of equal value. 

TABLE 7 presents the amino acid composition of millet (the basic food in 
our region of Africa), of peanut press cake, and of fish (possible supplementary 
foodstuffs) and, for purposes of comparison, eggs (recommended by Mitchell 
and Block) and milk (recommended by the Conference on Nutrition held in 
Princeton, N.J., in 1955"), oe 

As the protein content varies according to the product, it is helpful in cal- 


TABLE 7 
ComMPARISON OF AMINO AcID CONTENT 
(Calculated on 100 gm. protein) 


Peanut” Millet”? | Fish’ Cow’s milk™ Eggs 
JNGAVING. . co asecancnt 9.95 4.70 | 8.27 20 6.4 
Gystiney.ereer rise er 1.6 1.25 0.7 2.4 
EIStICi NG eee teen eet Beth 2.10 2.63 2.4 Ze 
Isoleucine errr SI) 4.30 6.00 6.6 8.0 
IGEUICING Mae eee eect 7.0 17.40 027 11.8 9.2 
WAVING eo acho aonoe 3.0 2.60 9.72 8.1 (hae 
Methionine........... 1S 2.60 263 pe 4.1 
Phenylalanine........ SP 4.90 4.45 4.6 6.3 
iRhreoniney. or 1.95 4.90 5.18 4.8 4.9 
aliiny top kent eras 0.95 2.30 0.81 1.4 LES 
Eliy ROSIN Gwe risers eee 4.4 2.00 2.54: 6.2 4.5 
Waline tc tance dicot eae 8.0 2.05) 9 6.54 has 


culations to have the use of the listing shown in TABLE 8, which gives values for 
the amino acids in 100 gm. of product. 

In comparing the amino acid content of a product with that of egg, it is 
possible to express the difference percentagewise and, in particular, to deter- 
mine the percentage deficiency of a limiting factor. Thus, the protein value 
is inversely proportional to the percentage deficiency of the limiting factor. 

The percentage of amino acids found in millet and peanuts compared with 
those found in egg protein is shown in TABLE 9. Lysine forms the chief defi- 
ciency in millet, and cystine and isoleucine are secondary limiting factors. 
On the other hand, millet is rich in leucine and tryptophan. 

Methionine is the chief limiting factor in peanuts, but four other amino 
acids are deficient to more than 50 per cent. In order, they are: isoleucine, 
lysine, threonine, and cystine. 

The purpose of supplementation is to lessen deficiency. In mixtures con- 
taining two proteins of differing amino acid composition, each tends to com- 
pensate for the deficiency of the other, and the whole becomes of greater value. 
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Millet supplements methionine deficiency in peanuts, and peanuts contain 
a little more lysine than does millet. Theoretically, however, peanuts do 
not appear to be a good supplement for millet. 

However, we must not forget that peanut press cake contains 50 per cent 
protein and, in addition, some B vitamins. On the other hand, the phos- 
phorus: calcium ratio is not good, as shown in TABLE 10. 


TABLE 8 
COMPARISON OF AMINO AcID CoNTENT 
(Calculated for 100 gm. of product) 


Peanuts, | Millet, Fish, Cow’s milk, Eggs, 
50% protein 10% protein | 70% protein | 3.5% protein | 13% protein 
| 
Arginine..............-. | 4.97 | 0.470 5.79 0.122 0.832 
(Gs anh a eee 0.80 J RUBS 0.024 0.312 
RAIStIOINES eich wed ae: 1.05 S220 1.84 0.084 0.273 
Fsolehemes. ess seeci: «= 1-50 0.43 4.20 On227 1.04 
BENCINe: te ees ee Seoul 1.74 6.49 0.413 1.19 
EU RMELE! Al ties oc. 2 2: 1.50 0.26 6.80 0.283 0.936 
Meéthionine............. O25754 | "0:26 1.84 0.077 0.533 
Phenylalanine. .......... 2.60 0.49 Sodlal 0.161 0.819 
SEBrEOWINE. 22 55.-..:-.+.) O.975 0.49 3.62 0.168 0.637 
seyvplophanicge 22 ne scccs. - 0.475 ees 0.567 0.049 0.195 
POTOSI ae se gions os Sao 2.20 0.20 1.78 0.217 0.585 
Abate meget eae Ye 4.0 | 60.565 4.58 0.949 
TABLE 9 


THE PERCENTAGE OF AMINO AcIDS FouND IN MILLET AND IN PEANUTS COMPARED TO 
THOSE Founp IN EGG PROTEIN” 


Millet (Pennisetum) Peanuts 
PROMI oe Rae SNe oe oe were lets —26 
Cyatine ng Oe ee ee eee —48 —53 
she oti jae ee a) pees ee 0 
NSETICTM ERIN shoe Aare sie x ce seta s —46 —63 
eTCINE Se sees ieee ieee a +90 a 
Tay SE Cr a eNeeee aivis Birt evelad ec feos — 64 -5 
AW ICTAST TAIN oaS >. ee” IO oR —36 —73 
IPheuyialanimneern sy eis ees ar ae —22 es 
PUT eOUINGt pect Shia sores « scien = 0 — 
dingg sia sotiy 6s: en PMO USEC +54 
ATR Re sage Seale Se A PORE rencerene eS cee eee —22 


It is of benefit, however, to combine fish with millet or with peanuts. This 
produces a protein-rich food with well-balanced amino acids, and the defi- 
ciency of the most limiting factor, although varying with the kind of fish, does 
not exceed 50 per cent. In addition, the limiting factors are different from 
those of cereals. Thus the lysine content is very high—greater, in fact, than 
that in eggs. On the other hand, the tryptophan level is low, but fortunately 
this is compensated for by the millet. The level of methionine content, 
although superior to that in milk, is considerably less than that in eggs. 
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It is on the basis of these facts that we have undertaken work with the 
African child. The first results of this work were announced at the nutrition 
conference held in Luanda, Angola, in 1956.” 

In the study of the supplementation of the diet of infants, three factors 
must be defined: (1) the acceptability and the immediate tolerance of the 
digestive system, (2) tolerance in the face of prolonged administration, and 
(3) the effectiveness of the product in supplementing the conventional diet. 

Although these tests can be conducted with healthy children in schools, 
camps, orphanages, and nurseries and the effect of the diet can be measured 
by growth, and although the tests are most valuable in subjects of this age, 
we unfortunately have no nursery for small children, which makes testing 
impossible. In the hospital service it is possible to enforce strict control, 
but only at the cost of increasing the length of stay of the children who are 
recovering or of hospitalizing healthy children, which is not recommended. 


TABLE 10 


VITAMINS IN MG. PER 100 Gm. 


Vitamins | Thiamine | Riboflavin Niacin 
IPGAIMUKE JONES CRE. goo vo cob oc acsece: | 0.84 | 0.12 16 
Piles aie 8 Se seteoh tee Sacer aiee | 0.33 | 0.15 | at 
MINERALS 
| Ca | iP | Ca/P | Fe 
Peanut press cake (per 100 gm.)?"....... | 0.13 | O87 06 | 0.0035 
Millet (per 100 gm. ash)®.............. | 1.00 | 24.89 | 0.05 | 


We have thus preferred to conduct tests with children receiving a deficient 
diet, on the theory that a product capable of rectifying deficiencies can prevent 
them, and also because it is easier and quicker to estimate the effectiveness 
of treatment -by measuring the rate of disappearance of pathologic symptoms 
than by measuring the rate of growth of the child. 

We have therefore given children with incipient kwashiorkor a supplementary 
diet, and we have carefully followed their weight curves, observed any clinical 
symptoms, measured protein level in the blood, and have sometimes observed 
fatty degeneration of the liver by biopsy. These children were often suffering 
from an infectious or parasitic disease that required treatment. Weight 
curves were distorted by the disappearance of edema, and many observations 
proved useless, since the children did not follow the diet regularly. 

Nevertheless, 4 kinds of supplementation were studied simultaneously in 4 
groups of children at PMI clinics. The first group was given millet alone. 
This was a control group in which the children were given supplementary 
calories, but no additional proteins. The fourth group was also a control and 
received the same supplementary calories, but with the addition in this case 
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of 16.5 gm. of milk protein. Group 2 received millet plus peanut press 
cake, and Group 3 received millet plus peanut press cake and fish. 


TABLE 11 
TRIAL SUPPLEMENTED Diets 
Grams Protein Calories 
Group 1: millet alone 
(SES coe are Pen Uae oe a 60 4.72 198.2 
SUNT gt SR, CaP pr he ie oe 5 — 20 
LIC TEN Leet ide Wel ae ee Oe Oe ee oye 65 4.72 208 .2 
Group 2: millet plus peanut press cake 
Millet and peanut press cake.......... 49.2 8.83 184.5 
pligat (1S per cent). so. soc. es ene: 10.8 43.2 
ASE ie aoe od ee rr 60.0 8.83 DDG olf 
Group 3: millet plus peanut press cake plus 
fish flour 
Millet and peanut press cake.......... 45.76 8.21 171.61 
iste (g PeE EPI) Mace. er ion co 4.2 305 See 
DUAL eae ees oa ola ees oe 10.04 40.16 
AVS ENS. Acct Gy i See Sa ee | 60 11.86 227.10 
Group 4: skim milk 
Milk HOWdGE! ©. -- tos fate oes as 46 16.56 165.6 
See ari eR ear ee eee ey | 10 40 
nT 9 Rt ee eee | 56 16.56 205.6 
TABLE 12 


COMPOSITION OF DIFFERENT Diets UsED AT THE PMI CENTER 
(Daily ration in grams) 


Group 3 “ 
: Group 2 | wy: ‘ Theoretical 
G 1 Inq: Millet + pea- Group 4 

Millet (Rouyey Millet + peaput | nut nea tae Skim milk30 eine 
Proteiic, 6 oc > awe: 4.72 8.83 11.86 16.56 
Be OOM O Ss de acca cane 0.22 0.71 0.93 0.68 

g 
(Sy Stinie seer Wa tara cas 0.06 0.13 0.19 0.16 1.26 
Bbstidimes 3 ....-ce «- 0.10 0.19 O27 0.42 
Esoleveineé...... 26+. 0.20 0.53 0.70 eA) 0.63 
Meticine ere: scons 0.82 0.64 0).94 1.79 0.90 
TavSun er Crematories 3 0212 0225 0.59 1.41 4.25 
Methionine........ 0.12 0.16 0.24 0.51 il (0) 
Phenylalanine...... 0.23 0.45 0.58 0.89 0.85 
- 0.45 0.76 1.69 

PDHXEOIING =) 3 > =!e-2 O23 0.28 : 
Tryptophans...% «. «. Ont 0.14 0.16 0.24 0.87 
BEOSIMGs sania. Gi OZ 0.30 0.97 0.30 
Vice Ger, eae evokes ae ere’: 0.27 0.62 0.82 ie 1.61 
Glycine seus sera eis 0.29 0.266 


* Leucine altered in 1956 to figure suggested by Autret.” 


The composition of the different diets tried is shown in TABLES 11 and 12, 


and the first results are shown in TABLE 13. , 
Since the experiment was not completed, a statistical estimate could not 


be made. It would seem, however, that millet-peanut and millet-peanut- 
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fish mixtures are definitely superior to millet alone, which is in accordance 
with theory. We found, however, that good results were obtained in 10 
cases fed on millet alone. , 
The results obtained with skim milk were rather surprising, and the gain 
in weight was less than that obtained with the mixtures. 
The quality of the milk is not critical, and the only other factor that dif- 


TABLE 13 
COMPARATIVE ACTION OF DIFFERENT DIETS . 
Avera Increase in weight (gm.) 
Number ane ee ake duration |- 
as Total Per day 
Millet alone 
Mar lutes eekereate rere eer: 16 23.2 | 8.294 | 15.6 Ba) 0) 
Good (without edema)...... 3 32.5 | 9.000 | 14 | 2933 30.9 
Good (with edema)......... 7 20.6. 1) 92005 1) 254 373 _ 14.6 
(—575.5/4)* 
Total and average...... 26 22 8.539 132 Dea) PAlSO 8.30 
Millet and peanut press cake 
HM anlunesaer eee acer rcs sere 29 PANS 7.543 20.5 0 0 
Good (without edema)...... 46 les 7.770 | 34.1 860 25.18 
Good (with edema)......... 67 21.2 | 8.396 26.9 552 20.50 
(—710/33)* 
Total and average...... 142 DIS eS sOLS WV e2eo 539 19.28 
Millet and peanut press cake and 
fish flour 
Kailureswre mee eee ee 10 ZS aS. 320 | odo 0 0 
Good (without edema)...... 8 20.5 7.696 | 28.2 1120 39.7 
Good (with edema)......... 33 22-6" \ S990 Wr 25nF 688 2hOs 
(—494/17)* 
Total and average...... 51 PB eN| 8.618 | 25.2 527 20.9 
Skim milk 
alluinesiaye tes Witanc Pee are, 5) 15.8 yee altos Bia: 0 0 
Good (without edema)...... 6 18.8 8.250 18.3 366 20 
Good (with edema)......... 10 227 9.507 29.9 S15 i fg? 
(—451/7)* 
Total and average...... zi 19.9 | 8.602 24.6 350 14.24 


* These negative quantities indicate initial losses in weight in grams per individual for 
the number of children indicated. Thus, 4 children each suffered an average temporary loss 
of 575.5 gm. due to reduction of edema at the beginning of treatment. 


ferentiated this group from the others was that of age (the children in Group 4 
were younger than those in the 3 other groups). 

The rather surprising results obtained with this group also may be attrib- 
utable, in part, to the small number of cases that we were able to follow after 
their discharge. This, as I pointed out earlier, makes interpretation difficult. 

In addition to these tests, we should take note of trials conducted with 
prepared mixtures consisting of cereals, vegetables, skim milk, and fish flour. 
At the moment, we are testing the effectiveness of “cookies” made of millet, 
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peanut press cake and fish flour, which are easy to distribute among the school 
age population. 

In addition to this rather empirical method, we have also tried to determine 
which amino acids are deficient so that, in other tests, we could add to the basic 
diet a single amino acid or an amino acid mixture rather than a single protein 
or protein mixture. 

We attacked this problem in 4 different ways: (1) by nutritional inquiries, (2) 
by measuring and analyzing the therapeutic diet for kwashiorkor patients, 
(3) by chromatography of the serum and urine of kwashiorkor patients, and 
(4) by supplementing the basic diet with amino acids. 


Nutritional Inquiries 


Numerous nutritional inquiries have been undertaken by ORANA.* 
These studies were done principally on family groups (3 groups were estab- 
lished: the first consisting of from 2 to 5.99 persons, the second, 6 to 8.99 
persons, and the third more than 9 persons). The studies showed the effect 
on diet of social position, of seasonal changes, of the number of children, of 
religion, of the activity of the head of the family, and of the family’s resources. 

It will be seen from this list of factors how difficult it is to determine the 
average family intake. In collaboration with ORANA, we have carried out 
some researches on individuals in order to determine the exact intake of a 
child suffering from latent kwashiorkor, but in these cases new difficulties are 
added to those encountered in research on a family-group level. The child 
feeds from the communal dish; in order to measure what he receives, this 
custom must be changed so that the child can eat by himself, which will ob- 
viously modify his intake. Under such conditions it is possible to weigh only 
cooked food. Trials have shown that there is considerable variation from day 
to day, and it is therefore necessary to have a trained person with the child 
day and night for at least 8 days. This cannot be accomplished without 
seriously disrupting family life. 

On making a detailed account of the products eaten, it becomes apparent 
that the diet of many children has never before been submitted to detailed 
analysis, and that its amino acid, mineral, and vitamin composition remains 
unknown. Data that do exist on these points vary with the year, the region, 
the techniques used, and the worker, and most of the data are given for the 
products of the diet in the raw state. 

In order to illustrate the variation found in analyses of these products, 
we reproduce, in TABLE 14, the various results obtained in the analysis of pea- 
nut press cake. 

All of these accumulated difficulties mean that it is scarcely possible to derive 
any definite information from these long and difficult studies. We know that 
the diet is unbalanced, rich in carbohydrates, and poor in proteins. It is 
difficult to determine whether or not the calorie intake is sufficiently high, and 
even more difficult to determine which amino acids are deficient and to what 


degree. 
* Office de Recherche de l’Alimentation et de la Nutrition Africaines, Dakar, French West 
Africa. 
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Therapeutic Diet in the Treatment of Kwashiorkor 


It is easy to calculate the amino acid content of the standard therapeutic 
diet that brings about a rapid cure of kwashiorkor. TABLE 15 gives figures 
for the sixth day of a diet of skim milk plus hydrolyzate. These figures are 
much in excess of known requirements. It will be noted that lysine and 
isoleucine are present in great excess over theoretical requirements. | 

TABLE 15 should allow us to regulate the diet and bring it more into accord 
with theoretical requirements. The existing proportions of different amino 
acids should be respected, and we hope to treat kwashiorkor by the addition of 
amino acids in these proportions. 


TABLE 14 
Amino Acips IN PEANUTS* 
ae . Borden's | Ferrando ’ +39 Bussont! 
Amino Acids O.K. Kaden” Review | eae Baudouin® | usson‘0 
| 

Nimans ogee oat 6 aoe RS) 9.95 10.4 4.36 
(Cystinew re aes oer + 1.4 | i) AS Le = 
JBN 4. aon toes ® Dae: | Deel Sel 1.07 
MSOMEWOINE. ..o6 oe 2ccce ale At | 3.0 ? | 2207 
IENGtiCs se uys oo tacses 2 ‘fot 7.0 qv Sets! 
IG VSUIVE), eregeciseuaidesere ere Ee SES) SA. 6.0 1.14 
Methionine,......-.. ++ 0.8 eS 0.5 0250 
Phenylalanine........ =F 4.9 ie 4.6 2.39 
@hreonimes...+.+..++.. + 2.8 1.95 1.6 Heir 
Wig FOOTE. eo oe ce ? 0.8 0.95 ists: 3 

TESAROSINC ss 0 anaes 26 AF Tes’, 4.4 ? 1-92 
Valine eee ont ea ees SE 4.6 8.0 Seyi ete 
TRRGENG, Gono gamcaeees + 5.0 ? aes) 
CLIMC eM EM cate tiie ee + ? ? 2.80 
Glutamic acid. ....... te 18.3 ? S47 
ANSORUANC @EIClS yon gos oe ? 13.0 ? Seek. 
CG aks (oilelert rars ce cacereaienors = ? 5.6 220 ? 


* Percentages based on 16 gm. of nitrogen. 


Chromatography of Blood and Urine 


By means of serum chromatography, we have tried to determine the varia- 
tions in amino acid levels that develop during kwashiorkor. We used paper 
chromatography and followed the technique developed by Lissitzky, Césaire, 
and Massonet.*®: * 

A correlation was always found between the intensity and the number of 
spots, on the one hand, and the level of amino acids in the blood, on the other. 
The disadvantages of this technique are well known, and it is not possible to 
distinguish all the amino acids present. Tryptophan is destroyed by the 
initial acid hydrolysis, methionine is partially oxidized, and it is difficult to 
distinguish the sulfur amino acids. 

Taking these disadvantages into account and comparing results obtained in 
the treatment of kwashiorkor patients (TABLE 16) , with those obtained in 
controls or given in the literature, it would seem that a certain number of 
amino acids are present in blood serum, including leucine, valine, alanine, 
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TABLE 15 
Amino Acips FuRNISHED BY THERAPEUTIC DiEt* 


937 


sale threonine, glycine, serine, and glutamic acid whereas, on the other 
and, lysine and arginine are often not present. Unfortunately, this technique 
reveals no information on those amino acids that are not normally distinguish- 
able, such as histidine, isoleucine, phenylalanine, tryptophan, and methionine, 
and yet three of these are essential amino acids. 


| 
156 gm. of partly | 
skimmed milk | 


Theoretical needs 


Nese pide = y | Protein hydrol- of 9-kg. chi 
Amino acids setae lanl oa | yzate (36 gm.) Total ae 
content) Albanese) 

Arginine pes: Reece 1.092 0.936 2.028 1.134 
Cystine oe ee ee ee 0.218 0.108 0.326 = 
ESSN ers. os 0.748 0.576 1.324 0.567 
Isoleucine oh cs ap Reese aa 2.028 1.692 32720) 0.810 
hence. Sa... Bae. 3.681 3.240 6.921 3.825 
Methionine............. 0.686 0.90 1.586 0.765 
Phenylalanme........... 1.435 0.90 BSS owl 
yPhreonme. 2% 52.0... 1.497 1.440 2.937 0.783 
xyptophar 2.20: 2.252% 0.436 0.216 0.652 0.270 
AE oe ee oe ee 1.934 2.160 4.094 1.449 
aysSine wee ert st se Od, 2.70 5.227 1.530 


* Skim milk plus hydrolyzate (sixth day, in grams). 
7 Four considerations must be kept in mind with regard to these figures of Albanese.*! 
(1) In reaching his figures, he assumed a diet higher in calories than is necessary when natural 
proteins are used; (2) the requirements for amino acids vary from child to child; (3) the re- 
sults of his short-term experiment cannot be projected over a long period of time; and (4) his 
data apply to normal children, and thus they cannot be used for children suffering from 


nutritional deficiencies. 


TABLE 16 
CHROMATOGRAPHY OF SERUM AMINO ACIDS 
Amino acid Accepted data |Dakar controls} Kwashiorkor Presence* 
IGS TRIiG ore eee arena ah 7/7 17/17 ip 
REE UTIRIES ss © cot ee ae i es aa + Uyptl MALT 1p) 
A ainiceeeites oh iiy- Caisson v nctae - + fal ING P 
iia Mash. oo one Soe eae oe + El 17/17 IP 
DNV Coe aM Ne Ed, Foie ange acta Deal DyNil — 
ay Bitten Ameer eile da,e Nie eles => ee 7 4/7 5/17 — 
AminoQpUtyne Cd 2.6... <n s =e Sometimes Dil Syl P 
“TRACES O37, as SR pe ee ese ame | Sometimes 6/7 10/17 Be 
ME COUMtie eeeien ance ee les ots oe Sometimes 3/7 14/17 1B 
(CIRRRIIN, Osho thot ae cia 7/7 17/17 P 
Gramineae, AS Soe. Ae A OE Oe 4 6/7 14/17 P 
Guinean aches, ae cosets wore oyeur | + 7/7 17/17 P 
“TBE QUT RET, 0 copieacseererec thes EER Rane Sometimes 0/7 0/17 ? 
JING) aH BUC SATCU Gare ene ae oer ' ; 7/7 ANT) ? 
Phemylalamine sr 50 ot =. =o aerimnie - Sometimes iT myfaldl ? 
(GilatignsanintSemes te 25 cee ne Ae Sometimes Dygt 2/17 A 
Oihemspois wen nee ta: went Sometimes 4/7 11/17 ? 


* Symbols: P = present; P? = presence uncertain; ? = normally variable; and 


present. 


not 
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We have not compared the amino acid content of the urine with the results 
obtained by chromatography. However, chromatograms of the blood and 
urine of 7 children suffering from kwashiorkor appear to follow a similar pattern. 

In patients suffering from a definite form of kwashiorkor it would seem that, 
at first, the spots are more numerous and more intense than is the case with 
controls. Alanine, glycine, and serine appear to be constantly present in 
the urine, and leucine, valine, proline, tyrosine, and threonine are frequently 
found. Lysine, aspartic acid, and phenylalanine are not found when this 
technique is used. Tryptophan and methionine are broken down and prob- 
ably account for a certain number of ill-defined spots. 

Conclusion. Paper chromatography is not a sufficiently reliable test for 
the absence of or the reduction in quantity of a given aminoacid. At the most, 
all one can say is that the simultaneous presence in the blood or in urine of a 
certain number of amino acids indicates that kwashiorkor cannot be related 
to their absence. Column chromatography would give more precise and 
useful results. 

Thus, neither dietary investigation nor chromatographic research is able to 
give us precise information about the amino acid deficiencies related to kwashi- 
orkor. The practical results of supplementing the basic diet with several 
amino acids should now be tried. All the evidence indicates that the limiting 
factor is lysine. It is therefore chiefly this amino acid that we used. 


Study of the Direct Supplementation of Basic Diet by Amino Acids 


The addition of amino acids to the basic diet was carried out in the following 
manner for testing purposes. Children of approximately the same age (several 
weeks after weaning) who showed unmistakable signs of kwashiorkor were 
hospitalized and maintained on an unbalanced basic diet consisting essentially 
of millet, potatoes, and preserves. This diet gave a sufficiently high intake of 
calories (900 to 1000). 

First study. To 3 children, a preparation consisting of the following com- 
ponents was administered: 


Tryptophan 4 
Methionine Sh 
Lysine o<0 
Sodium bicarbonate 3.0 
Sucrose 10.0 
Distilled water (as needed) 300.0 


which amounts to 10 gm. of pt amino acid administered in 2 lots of 150 gm. of 
the solution. This is administered by bottle or, if the child refuses the bottle, 
force feeding by tube is substituted, This, however, was not found to be a 
good procedure, since the mixture of the 3 amino acids has an unpleasant taste, 
and force feeding often resulted in vomiting. This technique has the additional 
disadvantage that it calls for a too-abrupt administration of the amino acids, 
whereas it would be better to spread this over the whole day. 

Second study. In experiments carried out with 4 children, we gave DL-lysine 
in 4 doses of 1 gm. each, daily, mixed this time in broth or purée. This was 
weil accepted and tolerated. It is difficult to evaluate the results observed. 
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Tests conducted with these children can never be very prolonged, since kwashi- 
orkor never maintains any satus guo, and even a slight case of the disease 
can become severe very rapidly. The periods of observation and of waiting 
must therefore be limited and strictly controlled. 

Kwashiorkor patients have poor appetite and usually refuse to take all the 
food given to them in the basic diet. In order to stimulate appetite we have 
had to vary the appeal of the diet by adding different cereals, the amino acid 
content of which is mutually complementary, and our observed results in this 
way became distorted. 

Often infection tips the nutritional balance, causing kwashiorkor and inter- 
fering with observations based solely on nutritional considerations. Because 
of the high cost of amino acids, tests are limited to a few patients only. 

The effectiveness of this treatment is shown by the disappearance of edema, 
the disappearance of lesions of the skin and mucous membranes, a rise in the 
blood protein level, a return of the electrophoretic pattern to normal, and, 
finally, modifications in fatty liver deposits. 

I shall summarize here what we can deduce from our results, which are set 
forth in detail in the APPENDIX. 

First, results obtained in patients receiving 3 amino acids: 

Case 56,108 (FIGURE 6). Typical kwashiorkor. For 7 days the child 
received varied cereals and lost 400 gm. The blood protein level rose from 
4.3 to 5.8, and albumin increased from 1.7 to 2.0 gm. During the following 
25 days a mixture of 3 amino acids was added to the basic diet and was quite 
well tolerated by the child. After 8 days, steatosis had regressed, and the 
blood protein level had risen to 6.8 with a rise in albumin from 2.0 to 2.75 gm. 
These values tended to decrease during the next few days, during which time 
the child ran a fever. The standard diet of milk plus hydrolyzate was then 
prescribed, and progress became rapid. The child was released as cured, having 
gained 1 kg. in 18 days. The protein level in the blood had increased from 
7.0 gm. to 7.15 gm. and had finally reached 7.30 gm. 

Case 56,443 (FIGURE 7). Typical kwashiorkor. After 2 days on a millet 
diet the child was given a mixture of amino acids for 4 days, but this was poorly 
tolerated. The general condition of the patient deteriorated, and the blood 
sugar level fell to 60 mg. The standard diet was then tried, and the protein 
level of the blood rose. However the child died 16 days later from a concur- 
rent infection (otitis, lung abscess, and staphylococcal pericarditis). 

Case 56,455 (FIGURE 8). Typical kwashiorkor. This patient lost 300 gm. 
in the first 3 days of hospitalization while on a mixed cereal diet. Amino 
acids were poorly tolerated. Since the patient’s general condition had become 
poor, the blood sugar level falling to 55 mg., the standard diet was prescribed 
and a rapid cure resulted. 

The first of these cases seemed to give promising results since protein level 
in the blood rose from 4.3 to 6.8 and the albumin level from 1.7 to 2.75; the 
amino acids were tolerated, although imperfectly, for 18 days. 

We should note, however, that beginning with the first day of hospitaliza- 
tion, edema began to disappear, and improvement took place in spite of the 
very unbalanced diet administered to the child at that time. This could 
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result either from bed rest or from the more varied diet. In the other cases, 
the results were more pronounced, and we had to discontinue tests quite 
early because of the deterioration of the general condition. In the last case, 


especially, the impression we received was that our treatment caused an 
aggravation of the disease. 


Case 56443 
Patient: N.D. P. Age:.28 mo. Height: 81 cm. 


Basic diet — 1,000 
calories: rice, ‘millet, 
maize, potatoes, preserves 


Typical kwashiorkor Cardiovascular collapse 
Diarrhea, anorexia Recurrence of diarrhea 
Clinical Edema Vomiting 
examination Changes inthe hair Pneumonosis 
Cheilitis Moderate otitis Pulmonary suppuration 


Otitis Bilateral antritis 


Blood |3g 58 S4 64 


S protein , < 4 ‘ 
Urea 10 25 
(W8mEq 


Ionogram4o 46 
\x 32 


lood sugar 140 


Alb14 gm. 

x) 35 a4 5 
2 55 «2 5 
B 3 p ZS 
¥125 16 4 


Moderate steatosis 


Ficure 7. Record of Case 56,443 (patient N. D. P., aged 28 months). 


Annals New York Academy of Sciences 


942 


“IOYOTysSeMY peordAT, 


poe 
Z img d 
oO Sa 
se Or 
ss ) 
Wb he, w6 chz 
ods 
se Sy 
9 oZ 7A 


amo [BoTUTTD 


jusawaAoidut prdey 


STS0}89}8 YSIS 
STISO}#a}S pajeurwasstp 


‘(syyuour [Ee pase “J “y juoned) ccop‘gg aseD Jo plooay °g aAAOTY 


:Asdorg 19A1T 


{ 
| 


se ® i 
SZ 8 ¢ 
4 ut stTsesoyd 
e 2 a -01}921q 
‘w6E, w6oo av 
Or ss 08 |sze3ns poolg 
y » 
OSt an on pwesBouoT 
baw bawey [1 | 
OL eain 
‘ ‘ ‘ ‘ utajoid 
Sey (sak Phi Ly poor 
BurjyWw0 A rey 94} ut sadueyoD 
SUOTS2] UTHS. uoT}BUTWeXe 
pajyeiato} ewuapyq yeorurytD) 


Ajiood jarq 


erxaioue ‘eoylerg 


LVL LULL 
Pane 


}eTp Prepueis 


] i 
é 
peat es Se ay =b=b= 


*3y 00S‘8 1343TaM ‘wo O8 :343T°eH 


‘ou TE :e8y 


| 


3] 5] yl€ Cie jetp uo sheq 
(LSS 
(Daa (Gye 
— a + B 3 TA: Ze 
3 . 
aa 4 16 EG —o¢ 
Se So a dos ns oh a 0 9 
si SSCL (of ~6¢ 
saAiasaid ‘saojejod ‘azrew 
*‘yaTTtw ‘aoTr :satiojeo b—,), 
000‘ — }2eIp a 0 
--h-b-+-4- S$ eutskT Tql-4--t- f 
4ep/9"€ auruory}yaW 4a i ps2 
pT ueydojdéiy Tq 
a [| pose 


‘We JueTIEd 


SiS SIS) SOF) 


Sénécal: Kwashiorkor in French West Africa 943 


We resumed these tests later, but limited ourselves to the addition of lysine 
alone to the basic diet. We chose 4 patients with medium kwashiorkor for 
these tests, and I summarize our results as follows: 


5 re 5 : 
Case 57,137 (FIGURE 9). Blood protein level 4.25, presence of steatosis. 


Case 57.137 


Weight on admission; 10.7 kg. 
Patient M.F 


Age: 19 mo. Height: 80 cm. 


[ DL LYSINE: 1 gm. 4 times daily 


Basic diet — 1,000 calories: maize 
flour, rice, milfet, bread, preserves 


Cessation of diarrhea Rhinopharyngitis 
Diarrhea 
Clinical Marked edema of the feet 
examination |Depigmentation 


Hyperpigmentation Partial reduction of edema 


50 $2 
15 


Ionogram 


Blood sugar 


Amylase 


Electro~ 
phoresis 


Liver , r Reduction 
is 
Biopsy Disseminated steatos 


in steatosis 


FicurE 9. Record of Case 57,137 (patient M. F., aged 19 months). 
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Slow increase in blood protein level, interrupted on the fifteenth day by in- 
fection. Almost entire regression of steatosis by the twenty-first day. 

Case 57,138 (FIGURE 10). Blood protein level 4.4, considerable steatosis. 
On application of the treatment, diarrhea ceased, edema disappeared (a de- 
crease of 1000 gm. in 1 week), and the weight curve rose slightly. The attitude 


= 


Case 57.138 Patient NM. Weight on admission; 9.2 kg. 
Age: 14 mo. Height: 76 cm. 
> 
DL LYSINE: 1 gm. 4 times daily 
Basic diet — 1,000 calories: maize, rice, potatoes, bread, preserves 
£0 9.750 ier wl == ie 1 apt J 
SF 3 Sifo|_d A he IE ba) Eee 
e025 0 
9 ooo E 
B. 750 
8 500 cml | 
Days on diet 2 3[4 5/6) 78 9 | 70 H | 12) B % | 15 16 | 17 | 18} 19] 20) 21 22 | 23 | 26 


Appearance of edema Disappearance of 


of the feet prone : 
Clinical Abnormal pigmentation ae EEE 
examination |Changes in the hair eae Improved psychology 
Loss of papillae on the tongue : i - 
Disghes No digestive upset 
Cessation of diarrhea 
Blood protein 44 47 D2 Se! 50 58 
Urea 20 20 15 20 20 20 
Cl 9SmEq 
tenoxram Ae 148 134 450 445 154 
Kal Siz 45 55 46 48 
Blood sugar 105 82 10S 132 96 110 
Alb 18gm. 
“1 45 
Electro- 2 55 
phoresis 
A 6 
Y 10S 
Liver biopsy Marked perilobular and Reduction of 
{L mesolobular steatosis steatosis 


FicurE 10. Record of Case 57,138 (patient N. M., aged 14 months). 


of the child improved. Blood protein rose from 4.4 to 5.8 on the twenty-first 


day of treatment, and steatosis regressed considerably, 

Case 57,216 (FIGURE 11). The diet brought about loss of weight of 1 kg. 
300 gm. in 7 days. Concurrent pulmonary infection was observed. The 
blood protein level rose from 4.6 through 5.2 to 5.6 by the tenth day. Steatosis 
ae marked on admission, was still apparent in lessening degree on the tenth 

ay. ee 


Case 57,119 (FIGURE 12). Kwashiorkor with widespread steatosis. The 
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blood protein level was 4.0. After 3 days of diet and hospitalization the 
weight fell by 1350 gm. and the blood protein level rose from 4.0 to 5.2. After 
4 days on lysine the blood protein level remained at 4.7. The child was then 


Case 57 216 Patient: M.L. Age: 19 mo. Height: 76 cm. Weight: 8.9 kg. 


| ESTE Bee AT a 
DL LYSINE 1 gm. 4 times daily 


= 
Basic diet — 1,000 calories: millet, 
rice, maize, potatoes, preserves 


ott th 
999750 Pa 


NA | 


\ 

57g 2s0-y th ‘ee oes or 

: WY / 
36_g 00 a Co SSS Ea 

/ 

JS_y ——— =. A a 
Days 

on diet|1/2|3 7 | 8 | 9 |} /12/13 Lal 

a Diarrhea 
Clinical Rescnancs 


examina-|F yang Regression of edema 


ton Depigmentation 


Blood 46 52 56 


protein 


Urea 20 20 20 


c1|95 mEq 
lonogr. Nat43 146 
K 14 43 


Blood 09 108 


sugar 


Alb|*95 gm. 


Electro- © 
phoresis 2] 8 


pss 
7/15 


Liver Widespread steatosis Steatosis still marked 


Ficure 11. Record of Case 57,216 (patient M. L., aged 19 months). 


taken back by the family, and the blood protein level 5 days after release was 


ae 
: These results seem to show that the addition of 4 gm. of pi lysine per day 
is well tolerated, leads to a definite improvement, proves capable of increasing 
the level of blood protein, and causes regression of steatosis, although these 
results are obtained rather slowly. On the other hand, we should note that 
in Case 57,119 (erGuRE 12) hospitalization and bed rest more than diet, which 


was partially refused, brought about considerable reduction in edema. 
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These tests should be continued with varying quantities of lysine, and the 
diet should be supplemented with other amino acids. 


Case 57.119 Weight on admission: 8.4 kg. 
Patient N.D. Age: 20 mo. Height: 77 cm., 
Temperature 7 ‘| 
Weight DL LYSINE 1 gm. 4 times daily 


Basic diet — 1,000 calories: millet, 
maize, rice, potatoes, bread, preserves 
8.250| = ' ne ; 


ati , 
\\ Standard diet ~ 
8000 an pa Ie a es ST a 
Pips Hea ell ale sl Se 
\ 
a Rac © ee a Ce 
387950 ; Sani, 
37° TRV CIA ak onibackelnyecamily 
7000 7 


Sali lara 
36__¢ 750 ae BE 30S “Tt 
Days pacts GRRHARGBHG 4 


Appearance of kwashiorkor 

Clinical Profuse diarrhea Profuse diarrhea 

examination Adynamia No improvement in general condition 
Very marked edema Reduction in edema 
Abnormal pigmentation 


Blood protein < Sy XG) 47 So 
Urea 10 20 1S 
ie 01mEq 
lonogram No 143 199 3 
lk 46 3 32 
Blood sugar 415 102 
Alb gm. 
445 
Electrophoresisa5 
p4s 
rn 


Liver biopsy Widespread steatosis 


Figure 12. Record of Case 57,119 (patient N. D., aged 20 months), 


CONCLUSION 

This report has presented results obtained in the treatment of kwashiorkor 
at Dakar, French West Africa, without mentioning the very interesting work 
carried on in other countries, especially on amino acids, by Holt® in New York 
and Brock and Hansen* in South Africa. 

In curative treatment, protein hydrolyzates appear to give quicker results 
than does whole protein, and it is necessary to add potassium to the diet 
a prolongation of a high-protein diet seems to be beneficial and without 
danger. 


In preventive treatment, a mixture of good biological value is obtained when 
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ca basic component, millet, is supplemented with peanut press cake and fish 
our. 


The addition of amino acids, singly or in groups, seems to show that lysine 
has a limited effect. 


We think that for the present the amino acid metabolism is too little known 
to enable us to determine the specific deficiency involved in kwashiorkor. 
The attainment of knowledge in this connection will be the objective of workers 
in the future. On the other hand, we are of the opinion that use of the mixed 
diet (that is, of carefully prepared mixtures of local products low in price) is 
very effective and can produce results within a short period. Experiments 
with those products, since they are more difficult with human subjects than 
with animals, will bring about improvement in the nutrition of the peoples of 
the underdeveloped areas of the world. 
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APPENDIX 


Case 56,108 (FIGURE 6). Patient M. S., 18 months, 9.55 ke.) 7o (cm: 
Admitted January 18, 1956 (one month after weaning) with diarrhea, general edema, loss 
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Protein, 4.3 gm. per cent; urea, 20 mg. 
Electrophoretic analysis: 


, Per cent Gm. /liter 

LoL SOR i ep ae a er. (a iO) 

PAGE THOU CARR: CLS I aN 2 en Aa eS 10 4.5 

UM OE LAL Clee ROS Aina < PR ACh ahsieoe soe nha cles Ak Decne ln ek 18 ead 

(3 Sr; “rey ea i en ar ui rine A, a es 10 4.5 

RMD IRE ORE nie sare ei ee Sal os eS ae 23 9.5 
A/G = 0.65 


Freezing point depression, corrected, —0.58° ; Cl, 110 mEq.; Na, 160 mEq.; K, 3.9 mEq. 


IRIOOU SUSAR HOD ce oA oe see este es 100 mg. per cent 

lOO Gown ie. ors rw nial curds cs 5,050,000 ‘hemoglobin 80 per cent) 
BCU OS Re re tn en Sees cere cae 10,700 

TSUCI GIT Sie <a abs Js a ee Ra ee negative 


Liver biopsy: general steatosis in single vacuoles. 


The child was kept under observation for 7 days. A diet made up of millet soup, corn 
flour, rice, potatoes, and preserves was given. The child lost 400 gm. Blood protein level 
rose to 5.8 from 4.3. This improvement, which was achieved despite the very unbalanced 
diet, can be attributed either to bed rest or to the fact that this diet was more varied than 
that received at home. 


Biological tests given on January 24: 


Per cent Gm./liter 
Total proteins 5.8 
TQ TT TT eee 2S yet fae ee a ae ae ae Se A ee 34.5 20.0 
eg eS alee, ele Se ate cal ad eee Is 10.5 7.0 
it EE Me NN a Ae oe fre eiag acetate Pele aide teria ee 18.5 HORS 
ee eee aay cs OMe ohare eons ew meen oy ety We eis ft 16.0 OFS 
FREES SON Cree ptt cic lea 2 a ala Rie crea GRR ales As SNE eee eie.s 205 11.0 


January 24 to February 18, same basic diet, plus following mixture (force fed): 


Tp ej ian Pee, 2 EB ANOe eee Ske er rea para iid tee eT eh Rear SRG 1.4 
VLCRETONIVIN EEN Ea, Pe onesie rN eines 2h al sevelaisbakt 2 ais eRe LT 3.6 
LOST eo ye ee Re et eS RN ache Senne EO A ee ieee ae 5.0 


The child, however, tolerated this mixture rather poorly and occasionally vomited. Gen- 
eral condition remained fairly satisfactory, however, and the child was not too exhausted. 


January 30 (sixth day on diet): 
ee oe I tee WY tle ee ar al hae Tr Aen Wea ere tet ee ore 
BOOMER CA re ers fee ss sore 2 Panes Hed bate waa s ody ee eee Rass 30 mg. 
Cl, 98 mEq.; Na, 156.5 mEq.; K, 5.5 mEq. 


Electrophoretic analysis: 


Per cent Gm./liter 
ft gt oS SR A NS en eee re ee era en at, 41.5 27.5 
a ae 1405 7.5 
cag cai tt aE PE oS. ee Ye es til) 353 
ee ee Bc eo bee 12.5 8.5 
Pine tgs Sete eee 5 

OE Bey ie Rey Oi Cet one reir re at INS 11 


Liver biopsy: regression of steatosis. 


During the following days, the child continued to vomit frequently during or after force 
feeding. 
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The level of protein in the blood did not improve and even fell a little, as follows: 
Blood protein 


Date 
January 3002s statism sny pn egies een eter gor ine ii the oe eee eek ee 
id iajatrina: pemen eae abo ec onacarcedpacc ostesattasaoadoa Ud. fps a3oce o : 
Pebrwary iS... 00 oe pesos cee © uherea erage bnayareis ar exe Ruck cnn nets eae coe ce 


February 11.3. 62/5 2 ateots «oe. cte = esheets Fe et cieyeivee tas Se ek 
The weight curve fell, and there was vomiting and diarrhea. It should be noted that at 
that time the child showed considerable inflammation of the nasopharynx accompanying 
teething. 
February 11. Administration of the mixture of the 3 selected amino acids was stopped, 


and the standard diet (milk and protein hydrolyzate) was given. ; 
The child’s condition remained stationary, and loss of weight continued for several days. 


A rapid improvement was then observed. Pas 
Blood protein level rose 7.00 per cent (February 20), 7.15 (February 27). 


A fourth electrophoretic analysis indicated the following: 


Per cent Gm./liter 

PAMl| nyo tac lic Ree hones Parte es Meant amen ee Pare RANE exrntiira ys Sah Sueetea cy? f Bona 24 .0 

Gere ks RO a Se es A ee ee 35 6.0 

Gas Manes oe EES Ge ee eee 14.0 10.0 

BS asa alc ONE nner eSpace va cat stance Saw ote cheat eat tee is de pe Sel ORI We eens aes 16.5 12.0 

Ais ot EW sr a, aoa gy gets (arate Settee stone Papeete as Cee ee eee Dies 19.5 
AJG = 05 


February 27. Third liver biopsy: the cells of the liver were still somewhat clarified. 


February 11 to February 29: The child’s condition improved daily, and the weight rose 
from 8.8 to 9.8 kg. 

The child was released on February 29, and was examined again at consultation on April 
16. At that time he was in a good state of nutrition. The blood protein level was 7.5. 


Case 56,443 (FIGURE 7). Patient N’D. P., 28 months. 

Typical kwashiorkor: diarrhea, significant edema, loss of pigment on the face and groin. 
Hair lank, thin, and pulled out easily. 

Cheilitis, smooth tongue, tendency to collapse. 

Blood protein level, 3.8; urea, 10 mg. 


Electrophoretic analysis: 


Per cent Gm./liter 

AD UIGAITIS .. zvorcicn- 4.9 3.308 este nig Bua or ore eee RS 14.0 
QTE a Bronte wate Riaeale atu a nt Gre PS RTO ne Sree ne een 9.5 S20 

LEMME cvs she eM aon Oe Nie ae Prieta ee soos a RE eee ee 14.5 Sie 

Bic yee Sos kos, io BGs sa e's, Bi traces ah crn Oa hcg eee oe a 9.0 S20) 

FY cuatee payee ste’ etic Paetealetie sihcl ease AO ante ph ene eee aR REC EN ie CeCe S155. Ain) 


Freezing point depression, corrected, —0.57°. 

Cl, 108 mEq.; Na, 146 mEq.; K, 3.2 mEq.; blood sugar, 140 mg.; blood amylase, 50 units. 

Blood count and composition were normal. ‘ ; 

Coproculture: colonies of pathogenic staphylococci. 

Liver biopsy: steatosis of portal vein and medial lobes. 
Rc aie first 2 cae a me til given a mixed cereal diet. For the 4 following days, 

ild was given this basic diet plus a mix consisti ioni 

nase ae eae ae a mixture consisting of tryptophan, methionine, and 

The child tolerated the first 2 force feedings well, but vomited on the second and third 
days. Weight remained stationary, and the general condition declined. 

Blood protein level, 3.5; urea, 20.0 mg. j 


Electrophoretic analysis: 


; Per cent Gm./liter 
ED.D UTUM «5, domes: ua cca ncey ores ere SO 11.0 
GaN Seis RIP Aviles 86 aa ial Pasay Ser are et A Sees ee 14.5 5.0 
CLE a aE aoa Smo eeR ee wor 8 IS wre cse hs, oa okey 14.0 520 
Bias find reread Oxb a eewio Vic 4 ey. « ea, fo) 25 
RGF On Ore eee ES ae eee hs 5 ey, ies as cs Pt eG oh esa ce, SP} 5 120 
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Cl, 112 mEq.; Na, 137 mEq.; K, 3.8 mEq. 

Blood sugar lower (60 mg.). 

After this 4-day trial, the child was put back on the standard diet. Five days later the 
blood protein level was 5.8 mg. and the blood sugar level was 100 mg. 

However, infectious complications developed. There was otitis of both ears, diarrhea, 
and abscess of the lung. Leukocytes rose to 39,300, and in spite of the use of antibiotics 
(chloramphenicol and erythromycin) and plasma transfusions, the child died 16 days after 
the start of standard treatment. The autopsy confirmed the presence of lesions in the ear 
and lung and revealed pericarditis of staphylococcal origin. 

There were also evidences of infection and congestion of the liver. 

The pancreas was very unusual and showed alternating areas of normal tissue and very 
compact inflamed cirrhotic tissue. 

Conclusion. After poorly tolerating the injection of amino acids, this typical kwashiorkor 
patient died later of ancillary infection. 


Case 56,455 (riGuRE 8). Patient K. M., 31 months, 80 cm., 8.5 kg. 

Five months after weaning, this child was recovering from measles and was suffering from 
diarrhea, edema of the hands, feet, and face, loss of pigmentation in the area of the groin, 
hair sparse, faded, and pulled out easily. There was no cheilitis, and the tongue was normal. 


Blood protein level, 4.1; urea, 10 mg. 

Blood sugar level, 80 mg. 

Blood amylase, 75 units 

Freezing point depression, corrected, —0.57° 
Cl, 113; Na, 142 

Red cells, 2,830,000 


Liver biopsy: considerably widespread steatosis. ae 

The child was hospitalized, put under observation, and given a diet consisting of cereals 
alone for 3 days. There was a weight loss of 300 gm. ¢ J 

For the next 6 days, a mixture of 3 amino acids was added to the same basic cereal diet. 
This mixture was poorly tolerated and caused vomiting. 

On the fourth day of this diet: blood protein, 4.75 per cent; A/G, 0.29. 


Electrophoretic analysis: 


Per cent Gm./liter 
EAST IDiin OS pal See a SEU oy ae ERE nea eet ane a PO tee mean e I ae eS 10.5 
ae nr me er Br A nA yn. eos ee era Ree OS Abe 
Pro oth = So, NSS Re Re Pe See erm ay Se Pian nS seo 6.5 
(ile oe RE ceahe ESE ret WaP enT  n 17.0 8.0 
Pie Gdn SOS CURE SOSA Be pac Bre pear Je aoe an em oF Hee 18.0 


Blood sugar level, 55 mg. 


On the fifth day the child’s general condition was poor, and his reactions were apathetic. 
The standard diet (skim milk plus protein hydrolyzate) was then given. 
Rapid improvement: 
On fourth day of treatment: blood sugar, 80 mg.; urea, 15 mg. 
On fifth day of treatment: blood protein level, 4.85. 


Electrophoretic analysis: 


Per cent Gm./liter. 
cr eee ee, Nini Gereee wulauae fe pres a8 SHEN, 13.0 
eee Si TE 10.0 5.0 
SU ONS RSIS ae Rae ORR ADD A? 19.5 9.5 
Ee reas Gen ee ane 15.5 ea 
ie ee a er pene aoe meen 2 eee 28.0 13.5 
Sy Adit) Okniciy i ur Bc ee ice mee 


On the tenth day: blood protein, 7.3; blood sugar, 120 mg.; blood amylase, 210 units. 
On the eleventh day: liver biopsy—disappearance of steatosis. 
On the eighteenth day: blood protein level, 7.4; urea, 45 mg 
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Electrophoretic analysis: 


Per cent Gm./liter 

Albani sash rubirantied ges oayeeer ame Are ag esa aoe 

Le te es ie a3 

ERA Me NR tae ce ‘on 
eae . 


Reactions normal, good appetite. Weight rose by 1.15 kg. and skin lesions disappeared. 


~ 


On day 33: blood protein level, 8.1 per cent; urea, 35 mg. 


The child was then released from hospital. Examined one month later and found to be in 
excellent health. ; : ae 

Conclusions. Typical kwashiorkor. Loss of weight at the time of hospitalization and 
during feeding of mixed cereal diet. Amino acids poorly tolerated. Rapid cure on standard 


diet. 


Case 57,216 (FIGURE 11). Patient M. L., 19 months, 76 cm., 8.9 kg. ; 

Ill since 1 month after weaning, with diarrhea, anorexia, and edema of the lower limbs and 
of the face. Slight depigmentation of face and lower limbs. Hair lank and pulled out 
easily. No cheilitis. : ; ; ae ; 

Cereal diet plus pL lysine, 1 gm. 4 times daily. Loss of weight (1.3 kg. in 7 days), disap- 
pearance of edema, rise in temperature following acute pulmonary infection. 


Blood protein level: 4.6 on admission 

5.2 on day 2 

5.6 on day 10 
Liver biopsy: widespread steatosis at admission. 
Day 10: steatosis still marked. 


Case 57,119 (FIGURE 12). Patient N. D., 20 months, 77 cm., 8.4 kg. 

Two months after weaning, with diarrhea, anorexia, and adynamia. Generalized edema. 
Depigmentation of the cheek. Hyperpigmentation in region of buttocks. No cheilitis. 

Liver biopsy: generalized steatosis. 

Hospitalization. Cereal-based diet administered for 3 days and refused by the child. 
Loss in weight (1.35 kg.), disappearance of edema. 

Addition of pi lysine—1 gm. 4 times daily. 

Change in blood protein level: 4.0 to 5.2 before administration of lysine; 5.0 to 4.7 after 4 
days on lysine. 

Child taken back by its family, given 2 injections of plasma and followed at consultation. 

Blood protein level (4 days after release), 5.5. 


Case 57,137 (FIGURE 9). Patient M. F., 19 months, 80 cm., 10.7 kg. 

Two months after weaning, with vomiting, diarrhea, and edema of 10-day duration. In- 
flammation of the nasopharynx. Typical moderate kwashiorkor. Edema of the feet and de- 
pigmentation in the region of the cheek. Area of hyperpigmentation with peeling of skin. 
No cheilitis, no change in the hair. E 

Protein, 4.25; urea, 20 mg.; blood sugar, 135 mg. 

Ionogram: Cl, 98; Na, 137; K, 4.7 mEq. 

Diet was 1 gm. of p1-lysine administered 4 times daily in addition to the basic diet of corn, 
rice, millet, bread, and preserves. : 

This diet was well tolerated. On disappearance of edema, the weight fell by 500 gm. in 
4 days, remained stationary, and then fell again on the fourteenth day, following an infection. 
Diarrhea ceased on the sixth day. The patient’s appetite was good, and his general condition 
was unchanged. : 


Change in blood protein level: 
4.25 on admission 4.8 on day 6 5.0 on day 10 
5.20 on day 13 4.95 on day 15 (infection) 5.30 on day 31 
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Electrophoretic analysis: 


On admission Day 21 
Per cent Gm./liter Per cent Gm./liter 
eA USUI NeW ears Sacer hse ieieae! cielo alk cx ovaigeasin 31.0 eee) 36.0 19.5 
CTD 01d rate pe aA ee 5 5.0 8.0 4.0 
CIES Sukie, Buccs os Flee Pen 1BYS 525 16.5 9.0 
[ot nr ae ee Oe as RT Oe ise nS) 14.0 7.0 
eRe CD SE A e> oe Sek ie Sry 30.5 13.0 ASO 1K) 50) 


Liver biopsy on admission: multiple vascular steatosis disseminated throughout the organ. 
On day 21 of treatment: almost total regression of steatosis. 


Case 57,138 (FIGURE 10). Patient N. M., 14 months, 76 cm., 9.2 kg. 

One-and-one-half months after weaning. Diarrhea of 3-week duration, edema of the feet, 
skin dry and brittle on the legs, area of hyperchroma and peeling of the skin on the 
thigh, hair pulled out easily. No cheilitis. 

Proteins, 4.4; urea, 20 mg. 


Electrophoretic analysis: 


Per cent Gm./liter 
FN DRYER VERY eit pte ase ts 2 ict Se ase Se ahtosnaeal shee 40.0 18.0 
Sk Sie an tems al aM h ah adc, e Wa nd alae ota a a: Gh a ay/='1 4) (al Gea) ex 'gllall aie’ 1,61 <1 faye 10.5 Ab 5) 
SE he ake Ae en Ses ane En RRR oe net ire ee WES) BIRO) 
FSI, SCO A a Ron ele tag A arte area ee tA 13.6 6.0 
Tae oe, SR EL aie SRR OP eee ie Ant eee Rnd ts A a oe 24.0 10.5 


Jonogram: Cl, 95; Na, 148; K, 3.7. 
Blood sugar level, 105 mg. 7 ; 
Liver biopsy, marked perilobular and mesolobular steatosis, inflamed portal fibrosis. 
Standard diet: cereals and preserves plus Dt-lysine, 1 gm. 4 times daily. 
Development: no digestive upsets, good appetite, cessation of diarrhea, disappearance of 
edema (1000 gm. in one week), slight peeling of the skin. Nee 
The weight curve then rose slightly. The child’s behavior improved, and he became gay 
ivacious. 
ae blood protein level then went from 4.4 on admission to 5.2, 5.3, 5.0, and finally reached 
5.8 on day 21 of treatment. The steatosis regressed. 


PRINCIPLES OF TREATMENT AND PREVENTION OF oS 
PROTEIN MALNUTRITION IN CHILDREN (KWASHIORKOR) 


By Moisés Béhar, Fernando Viteri, Ricardo Bressani, Guillermo Arroyave, 
Robert L. Squibb, and Nevin S. Scrimshaw 


Institute of Nutrition of Central America and Panama (INCA P),t Guatemala City, 
Guatemala, C. A. 


It is now generally recognized that kwashiorkor is the result of a severe 
deficiency of dietary protein at an age when the essential amino acids are 
required in relatively large quantities for growth. In most children developing 
kwashiorkor the protein intake is deficient, not only in quantity, but also in 
quality. Thus, the diets that are responsible for the syndrome usually contain 
protein that, due to its low biological value, is poorly utilized. 

If protein deficiency occurs in children who are receiving an adequate or 
even excessive quantity of calories, as has been reported in Jamaica,' the 
resulting clinical picture is that of classic kwashiorkor. This form is charac- 
terized by edema, lesions of the skin, hair changes, apathy, anorexia, enlarged 
fatty liver, and low serum protein. These children also have abundant sub- 
cutaneous fat and recover rapidly with a high protein diet; when they loose 
their edema there is no wasting evident. 

In the majority of the regions of the world in which kwashiorkor is found, 
however, children after weaning receive diets that are deficient not only in 
protein but also in calories. The clinical picture differs from that of classic 
kwashiorkor in that the children often show a considerable degree of tissue 
wasting, and the response to treatment is much slower. They are charac- 
terized by a reduction in statural growth and in weight, marked diminution or 
even absence of subcutaneous fat, and a much greater degree of muscular 
wasting; the liver, although it shows fatty change, is usually not increased in 
size. Since these children have a marasmic appearance when their edema is 
lost, this form of malnutrition is spoken of as marasmic kwashiorkor. 

The diets of children developing kwashiorkor are not only low in protein, 
but are also deficient in other essential nutrients, particularly in the marasmic 
form of the disease. For this reason and also because their absorption is 
reduced,” * a deficiency of fat-soluble vitamins is a particularly common 
accompaniment of kwashiorkor.! Signs suggestive of B-complex vitamin 
and iron deficiencies are also frequently found associated.*7 Due largely to 

* Various parts of the work reported in this paper have been supported by Grant No. 
981 from the National Institute of Arthritis and Metabolic Diseases, Public Health Service 
Bethesda, Md., and by funds from the National Research Council, Washington, D. C., from 


E. I. du Pont de Nemours & Co., Inc., Wilmington, Del., from The Nutrition Foundation, 


Inc., New York, N. Y., and from the World Health Organization of the United Nations, 
Geneva, Switzerland. 


ii Animal Husbandry and Nutrition Department, Instituto National Agropecuario de Gua- 
temala, Guatemala City, Guatemala, C. A. 

INCAP is a Cooperative institute for the study of human nutrition supported by the 

governments of Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and Panama, 


and administered by the Pan American Sanitary Bureau, Regional Office of the World Health 
Organization. ‘ 
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variations in the customary diet, the relative importance of these various 
vitamin and mineral deficiencies that complicate the clinical appearance vary 
greatly. 

Our concept of the various types of kwashiorkor and their relationship to 
marasmus is presented graphically (r1GuRE 1). This chart shows a continuous 
range of types between marasmus, which is due basically to a severe lack of 
food, but with a normal protein-to-calorie ratio, and kwashiorkor, which is 
basically produced by a deficiency of protein combined with almost any other 


NORMAL 


GROWTH RETARDATION 
WEIGHT Loss © 
PSYCHIC CHANGES \. 

MUSCULAR ATROPHY © 
PELLAGROID DERMATOSIS 
HAIR CHANGES \ 

EDEMA 
HYPOPROTEINEMIA \_-—~- 
FATTY LIVER Se 

G.I. DISTURBANCES \--—~ 


Ficure 1. Schematic representation of the interrelation of kwashiorkor and marasmus. 
At the left of the pyramid base the intensity of the stippling suggests the frequency with 
which the signs and symptoms listed appear in marasmus. At the right the occurrence of the 
same signs and symptoms in “classic” kwashiorkor are portrayed. In between are all com- 
binations between these two extremes. The term sindrome piuricarencial de la infancia 
(S.P.I.) is used in Latin America to cover both “classic” and marasmic kwashiorkor; the 
great majority of the cases are of the latter type. The severity of the signs and symptoms 
is indicated by the distance from the apex. Reproduced by permission of the Institute of 
Nutrition of Central America and Panama (INCAP), Guatemala City, Guatemala, C. A. 


degree of caloric intake. The body of the pyramid indicates the degree of 
severity, which is also a continuous transition from the well-nourished child 
(represented by the apex) to the most severe form of any of the types of mal- 
nutrition mentioned. In the intermediate part of the pyramid are represented 
the cases of prekwashiorkor and the other mild forms of protein deficiency 
which occur in a high percentage of children in underdeveloped areas. The 
closer to the apex of this pyramid, the less pronounced become the signs and 
symptoms and the narrower becomes the degree of differentiation between the 
various types. 

This diagram is not merely theoretical, since the cases encountered under 
field conditions show every conceivable variation in signs and symptoms as 
represented in the diagram. It should be emphasized, however, that when 
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the extreme of partial or complete starvation is reached (marasmus), the 
signs of specific protein deficiency are no more manifest than are those of other 
specific nutrients, all of which are, of course, grossly deficient. 

Although many cases gradually develop kwashiorkor due to the inadequacy 
of the diet alone, in most cases other factors operate as contributory or pre- 
cipitating causes.’ These help to determine the relatively small number of 
children who will develop the clinical syndrome in a population in which the 
majority are fed on inadequate diets. Among these factors, acute and chronic 
infections are important. In Central America, at least, the most common 
of the infections that serve to precipitate kwashiorkor is diarrhea of infectious 
origin. Other infections that are likely to act similarly are malaria and the 
contagious diseases of childhood. Socioeconomic factors such as the death 
of a parent, abandonment, or loss of work by the head of the family are also 
frequently involved. 

We have recently observed a child who developed diarrhea while on repeated 
metabolic balance trials with milk feeding. With moderate diarrhea of short 
duration, this child showed a markedly reduced absorption of nitrogen and a 
negative balance.’ Diarrhea not only limits the absorption of nitrogen, but 
also considerably increases its excretion, so that the net retention drops. The 
situation is made even worse by the common and unfortunate practice of 
withdrawing solid food from the child who develops diarrhea and substituting 
starch gruels. Educational efforts should be aimed, not only at the correction 
of diets given to children with diarrhea, but also at avoiding the dangerous 
practice of using laxatives or purgatives in the treatment. 


Principles of Dietary Treatment 


There is no doubt that the administration of a diet rich in proteins of high 
nutritive value is an effective treatment of kwashiorkor.’-” The majority of 
authors recommend the use of either half-skim or skim milk, particularly 
because of the proportionately high content of protein of such food. Some 
consider also that the lower fat content, as compared with that of whole milk, 
is beneficial because the capacity of the sick child to digest fat is seriously 
impaired. However, Gémez obtained equally satisfactory results using whole 
milk,'? and Dean has recently recommended the addition of 30 to 50 gm. of 
fat to diets for the treatment of kwashiorkor.'* The conclusion that a normal 
amount of fat in the diet is not harmful is strongly supported by the work of 
Holt in children with diarrhea from other causes.!® Although both our own 
studies'® and those of Gédmez' demonstrate that fat is poorly absorbed during 
the first few days of treatment, the amount absorbed is proportional to the 
quantity of fat ingested, and the child soon recovers most of his ability to use 
dietary fat. 

The profound anorexia that is characteristic of children with kwashiorkor 
and the reduced activity of the digestive enzymes's*" make it necessary to 
begin treatment with relatively small amounts of protein, generally in the 
range of 2 gm./kg. The prompt recovery of enzyme activity” and returning 
appetite make it possible to increase this rapidly to values in the range of 
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5 gm./kg. at the end of the first week or during the second. This intake can 
later be increased still further in order to correct the protein depletion as 
rapidly as possible. Nitrogen balance studies indicate clearly that, within a 
broad range, nitrogen retention in kwashiorkor does increase with a rising 
intake, although the percentage of nitrogen retained out of the total absorbed 
will drop, of course, as the protein intake increases?! 22 or as nitrogen stores are 
gradually repleted.!® 

It is very important that the caloric intake be sufficiently high to avoid 
the use of protein by the body to supply energy and, as mentioned previously, 
this is the rationale behind the use of added fat in therapeutic diets. There 
have been reports of the poor tolerance of sugars, especially sucrose and lac- 
tose* * and, for this reason, the use of bananas as a calorie source has been 
suggested. There is no objection to the use of bananas, since they are well 
tolerated and are an excellent calorie source. The reports of intolerance to 
sugars are based, however, only on clinical observations and need further study. 
As soon as appetite and tolerance permit, the child should be given fruit 
juices, green and yellow vegetables, meat, eggs, and other foods necessary to 
give the balanced diet required for complete recovery. 


Vitamin and Mineral Supplements 


With an initial diet of milk alone, there occurs a prompt recovery from all of 
the signs and symptoms of kwashiorkor, including those that might be attrib- 
uted to a lack of vitamins of the B complex. It is not only unnecessary to 
use therapeutic vitamin preparations; the use of such preparations may actually 
be harmful. In the experience of Magalhaes Carvalho,?° for example, the 
administration of high doses of vitamin B complex increases the mortality 
from kwashiorkor, a phenomenon that Frontali*® explains as due to the greater 
demand for labile methyl groups for the transformation of nicotinic acid into 
trigonellin. The greater deficiency of methyl groups may in turn aggravate 
the liver damage. rou 

There is no demonstrated benefit from the use of either folic acid or vitamin 
By, since the anemia, although frequently macrocytic, responds satisfactorily 
to milk alone, unless there exists a marked iron deficiency.’ Despite the fact 
that the serum levels of vitamin C tend to be low, at least in Central American 
cases,” the deficiency does not reach the point where obvious clinical signs 
are observed, and it is a simple matter to add fruit juice and other natural 
ascorbic acid sources to the diet. os 

We do consider justifiable, however, the addition of moderate doses of 
vitamin A from the beginning of treatment, especially when half-skim or skim 
milk is used. Partially defatted milk does not correct the deficiency of vitamin 
A, which has been amply confirmed by studies of the vitamin A content of 
blood serum and liver tissue,? and which may even be so severe as to cause 
ocular lesions. iy 

The majority of children show only a mild anemia, which is usually normo- 
cytic or slightly macrocytic in character. Even in uncomplicated cases, 
however, there is a tendency for the serum iron values to be low and for micro- 
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cytosis to develop with dietary treatment unless supplementary iron is given. 
Accordingly, the relatively early addition of iron to help fill depleted iron 


stores is recommended. 


Other Therapeutic Procedures 


(1) Blood transfusions. In general, blood transfusions have no advantages 
over proper diet therapy alone. Although blood transfusions for the treatment 
of kwashiorkor were introduced many years ago® and are still used and recom- 
mended today,’ our own experience demonstrates that they are rarely neces- 
sary. It is still desirable to employ them, however, in the occasional very 
severe case where the child is in imminent danger of death due to collapse and 
shock and in cases with very severe anemia. 

(2) Plasma and protein hydrolyzates. The parenteral administration of 
plasma or proprietary protein hydrolyzates, which has often been recommended 
to combat the hypoproteinemia of kwashiorkor, does not appear to be justified. 
There is abundant evidence from the protein balance studies of Gomez” and 
Holemans and Lambrechts,”! as well as from our own unpublished work, that 
protein given orally is sufficiently absorbed and well retained even at the 
beginning of treatment. 

(3) Antibiotics and chemotherapy. In general, we favor the routine use of 
an antibiotic such as penicillin during the first 8 to 10 days of hospitalization, 
since secondary infections are very frequent. Bronchopneumonia is particu- 
larly common and may be asymptomatic and therefore not recognized clini- 
cally. This complication is found at autopsy to be a frequent cause of death 
during the early days of hospitalization.*® ** When a secondary infection 
can be definitely diagnosed, it is important that the treatment be initiated 
promptly to avoid the stress which may interfere with or even prevent recovery. 
Similarly, malaria and amebiasis should be treated as soon as diagnosed. 

Intestinal parasitism due to helminths ordinarily should not be treated 
until recovery is well advanced. The child with the kwashiorkor syndrome 
is not well able to tolerate the type of treatment required for parasite eradica- 
tion, and the presence of intestinal helminths does not appear to interfere 
significantly with recovery. 

(4) Electrolyte solutions. Either in the immediate history of the child or 
during the first few days of hospitalization, diarrhea is an almost constant 
feature of the syndrome, and vomiting is frequent. Dehydration, therefore, 
is often severe, even in the presence of edema. This accentuates electrolyte 
imbalance. Potassium deficiency is likely to be particularly severe, since it 
is aggravated by both the diarrhea and vomiting as well as by the protein 
deticiency.?3 

Failure to correct electrolyte disturbances is now believed to be the most 
frequent cause of death during the first 48 to 72 hours of hospitalization ,*" 
and their correction should be one of the first therapeutic measures taken. 
In cases that are only moderately severe, the oral administration of appropriate 
electrolyte solutions gives good results, but in severe cases it is necessary to 
resort to parenteral administration. The problem of electrolyte therapy 
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has received particular attention in the work of Gémez et al. and is discussed 
in more detail by Gémez elsewhere in this monograph. 

(S) Enzymes and lipotropic substances. While it is true that there is a 
marked deficiency in the action of duodenal enzymes at the time of admission, 
they recover very rapidly with the initiation of dietary treatment, as shown 
by Véghelyi? and confirmed by our own observations on the prompt return 
of the child’s ability to absorb both the nitrogen and fat in either milk or 
vegetable mixtures. The use of special enzyme preparations appears, therefore, 
to be unnecessary. 

The same can be said for the various preparations with lhipotropic activity 
that have been used because of the frequency and severity of fatty infiltration 
of the liver;** * this disorder is promptly and completely corrected by the 
feeding of protein of high biological value. 


Response to Amino Acid Mixtures 


It would be helpful to know whether kwashiorkor is produced primarily 
by an over-all deficiency of protein or whether it is associated with imbalances 
in individual amino acids such as occur when the small amount of protein that 
the child receives is derived largely from a single food of vegetable origin (as 
is the case of Central American children developing kwashiorkor on a pre- 
dominantly corn diet). The fact that occasional cases are encountered in 
which the child has received its protein from mother’s milk, although in grossly 
inadequate quantities, suggests that it is not amino acid imbalance per se. 

An important contribution made by the South African group*: ** has shown 
that a clear-cut improvement of all of the major signs of kwashiorkor can be 
brought about by vitamin-free casein or a mixture of synthetic amino acids. 
The improvement occurs not only in the anorexia, apathy, cutaneous lesions, 
and edema, but also in serum protein, and results in what they designate as a 
satisfactory “‘initiation of cure.” 

Our own experience with amino acid mixtures” is limited to a single individ- 
ual to whom a mixture of 18 synthetic amino acids similar to that used by 
Hansen ef al.9 was given for a period of 18 days. This treatment resulted in 
the “initiation of cure” as defined by these workers, that is, the edema and 
skin lesions began to disappear relatively soon and serum protein increased. 
The child remained apathetic and anorexic, however, and there was not the 
same degree of recovery in serum amylase, and in the pseudocholinesterase 
previously observed in cases treated with either milk” or a vegetable protein 
mixture.” As will be seen in TABLE 1, there was a decrease in the serum levels 
of all of the vitamins except vitamin A, which apparently was mobilized from 
tissue stores. 

It does not invalidate the concept that kwashiorkor is due to protein defi- 
ciency to emphasize that no experimental treatment that fails to provide the 
necessary vitamins can be expected to be successful for more than a relatively 

* This work is being carried out in collaboration with Eugene E. Howe, from the Merck 
Sharp & Dohme Research Laboratories, Philadelphia, Pa., who prepared the amino acid 
mixture. 
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short initial period. All that we know of nutrition in general, and of vitamin 
metabolism in particular, indicates that under these circumstances vitamin 
deficiencies, if not limiting initially, will become so later as a result of maori 
intake, especially when body stores are depleted as in the case of kwas iorkor, 
For this reason, the objection that the results obtained with synthetic amino 
acid mixtures are limited only to an “‘initiation of cure” is meaningless. 

The results show that protein administration must be the central point of 
any rational therapy even though appropriate amounts of all other nutrients 
should obviously be given for best therapeutic results. They abe lend added 
emphasis to the administration of vitamins in “physiological rather than 
so-called “therapeutic”? doses. As these studies are continued, more informa- 
tion of fundamental value in guiding therapy will undoubtedly be obtained. 


TABLE 1 


Bioop CONSTITUENTS AT ADMISSION WITH KWASHIORKOR AND FOLLOWING 18 Days 
TREATMENT WITH SYNTHETIC Amino Actps (14-MontTH-OLp Boy) 


After | | eee After 
ino || , - mino 
Per 100 ml.* ears er Per 100 ml.* a er 
therapy || | therapy 
| | | 
} | 
Movalyoroven (ems) rear 4.12 SJofoy || A sieeuaad iat A (G42) ee ae | 6.4 | 21.0 
By in RBC (ug... <2sas25--) 8.8 | 4.8) |) Carotene (ag): 740. 3.0 
Breew Bin (aes ins ae gra iam oe 0.0 | 0.0. || Vitamin BE (mg)... .«<s-- 0.64 | 0.02 
Aone TE) GE) orc ae ee ol 1.25 | Cholinesterase CU). | 0.21 | 0.46 
Ip vhal TRIBE (Ges on sue oo 245005) Licdn Anaylase WU aces ae oO | O 
Ascorbic acid (mg.)........| 0.22 | 0.10 Alk. phosphatase (mM/1/ | 7 
1h) eee ee Rae s 24) Deod 3.70 


* All determinations in serum except red-blood cell, thiamine, and riboflavin. 
+ Actually “pseudocholinesterase’’ measured in Michel units. 
t Smith Roe units. 


Dietary Measures for the Prevention of Kwashiorkor 


(1) Use of cow’s milk. There is no doubt that the consumption of adequate 
quantities of cow’s milk following weaning will prevent kwashiorkor. Un- 
fortunately, there are a number of factors that limit the consumption of cow’s 
milk in areas where the kwashiorkor syndrome occurs. These factors are, 
principally, the inadequate production and high cost of milk. The insufficient 
production of milk is often due to poor animal management, nutritional defi- 
clencies in the rations, poor control of ectoparasites and endoparasites, and 
inadequate facilities for the conservation and distribution of feedstuffs and of 
milk. In many regions these factors can be corrected and milk production 
greatly increased, but only through major long-term national efforts and 
considerable expense. In other regions the agricultural limitations may be 
such that the production of sufficient milk cannot be anticipated. Further- 
more, under the circumstances of most underdeveloped areas, the permanent 
large-scale importation of milk is likely to be economically impracticable and 
undesirable. 


The high cost of milk prevents its sufficient use by low-income families in 


Béhar et al.: Kwashiorkor in Children 961 


areas where kwashiorkor is endemic. The problem of safe handling, including 
Storage and distribution in both the dairy and the home is another major 
obstruction to the use of fresh fluid milk. The use of powdered milk has a 
number of practical advantages, and efforts that have been made to set up 
milk-drying plants in underdeveloped areas, wherever justified by potential 
milk production, are to be commended. 

It must also be recognized that in many regions there are cultural objections 
to the use of animal milk.’ Often such milk is unfamiliar to the people. This 
difficulty is more easily overcome than an acquired fear of milk, a phenomenon 
based on unfavorable experience with contaminated, adulterated, and poorly 
preserved milk that has been responsible for producing diarrhea. All of these 
considerations suggest that, especially in the near future, complete reliance 
cannot be placed on milk as a practical means of preventing kwashiorkor in 
most regions of the world in which it is a serious problem, despite the fact 
that, from a nutritional point of view, milk is ideal. 

(2) Use of animal protein. The extensive use of such other sources of 
animal protein as meat and eggs also involves the serious problems of insufficient 
production, high cost, and prejudice against their use for feeding small children. 
It has been suggested that fish, especially in the form of industrial preparations 
of fish flour or similar products, can be of great value in infant feeding. While 
such products can undoubtedly contribute to the solution of the problem in 
a number of areas, not all countries have sufficient fish to make industrial 
development practicable. Fish flours would also encounter the same resistance 
observed to the introduction of any new food, especially one that is radically 
different from that commonly consumed in the region. 

(3) Use of plant protein. In view of the difficulty of solving the problem 
of protein malnutrition by the increased production and use of animal products 
alone, the consideration of plant sources of protein becomes imperative. The 
excellent monograph by Dean on Plant Proteins in Child Feeding® has stimu- 
lated active work on the problem in a number of regions, and recently the 
specialized agencies of the United Nations concerned with nutrition, WHO, 
FAO, and UNICEF,* have cooperated in promoting these developments. 

The major difficulty in the use of vegetable proteins is the relatively poor 
biological value of proteins from single plant sources. _There are also the 
potential problems of an excess of crude fiber, low digestibility, and the pres- 
ence of toxic or interfering substances. There is the further possibility that 
processing can introduce toxicity or lower nutritive value. There are times 
when processing will be beneficial, particularly in making certain of the essential 
amino acids more available, but the conditions must be controlled. 

Despite all of these problems, an increased use of local proteins of vegetable 
origin appears to be the most promising means of preventing protein malnu- 
trition in many areas of the world, at least under the conditions that now pre- 
vail. Information as to the amino acid content and digestibility of vegetable 
protein sources, although very incomplete, is still sufficient to enable suitable 


* World Health Organization, Food and Agriculture Organization, and the United Nations 
International Children’s Emergency Fund. 
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combinations to be planned for chemical and microbiological analysis and for 
animal trials of their biological value. More precise information about amino 
acid requirements would help, however, in combining vegetable proteins to 
give mixtures whose net protein value is relatively good. Such vegetable 
protein combinations have the advantage not only of being relatively cheap, 
but also of fitting the habitual diet patterns of young children in the majority 
of regions in which kwashiorkor is a problem. 

It would be desirable to devise a product that could be prepared in the home 
from local raw materials. This is scarcely practicable, since special knowledge 
and skill are required to combine vegetable proteins in the right proportions, 
and since many of the cheapest and best protein sources cannot be used directly 
for food without special processing. We believe, therefore, that vegetable 
protein mixtures designed for the prevention of kwashiorkor must be manu- 
factured from low-cost ingredients within the agricultural resources of each 
region. 

In planning vegetable protein mixtures, it is necessary to take into consider- 
ation the following 8 factors: (1) the amino acid content of the individual in- 
gredients and the final product, (2) the possible presence of toxic or interfering 
factors, (3) the need for obtaining exact specifications for each of the compo- 
nents, (4) the necessity of avoiding processes that damage the quality of the 
protein, (5) the desirability of using products of local origin, (6) the fact 
that the final product must be inexpensive and easily preserved, (7) the re- 
quirement that it may be easily prepared in the home as an infant food by 
mothers of low-income families, and (8) the demand that it must not run 
counter to existing dietary habits and prejudices. 

Even after all of these requisites seem to be met, the product should not be 
recommended for commercial production and mass consumption until the 4 
following biological trials have been carried out: (1) the testing of the product 
for toxicity in at least 2 species of animals, (2) the demonstration of the bio- 
logical value of its protein by animal growth studies, (3) the testing of its 
acceptability and effectiveness in children under careful observation, and (4) 
field trials completed in selected communities or small population groups. 

Although the primary objective is to provide a supplementary source of 
protein of good quality, it is desirable that a vegetable protein mixture con- 
tain, also, adequate quantities of the vitamins and minerals that are likely to 
be lacking in the usual diet. INCAP has attempted to follow these principles 
and procedures in developing vegetable mixtures for the prevention of pro- 
tein malnutrition in infants and young children in Central America. The 
work has resulted in a mixture that soon will be ready for field trials. It con- 
tains: 


Components 


Percentage 
Dried cormunasa. 2: vse fee ee ee 50 
Sesame megli. Sic. 2. owiehe ne 35 
Coltomseed. press’ Cale; | (ly, cave ey ein sane nanan 9 
POEMS EAB oie saa. 4 hn Jalen Em te eee 3 
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The specifications for each of these ingredients have been recently published.1° 
Masa is the dough prepared from lime-treated corn that is usually made into 
flat cakes and cooked to make tortillas. It is the basic food of the rural and 
poor urban populations of Mexico and Central America and is dried and pow- 
dered to form one half of the mixture. The sesame and cottonseed press cake, 
which may both be produced locally in considerable quantities and at low cost 
as a by-product of oil extraction, are rich in protein of relatively good quality, 
and their amino acids help to complement those of corn. 

Fresh young kikuyu grass is dried to produce a meal that provides the major 
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FicurE 2. Amino acid pattern of provisional protein and INCAP Vegetable Mixture 
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No. 8. Reproduced by permission of the Institute of Nutrition of Central America and 
Panama (INCAP), Guatemala City, Guatemala, C. A. 


source of vitamin A activity in the mixture. It is important that this or a 
similar dehydrated leaf meal be added to provide provitamin A, since vitamin 
A deficiency is a serious problem in Central America, particularly in the pre- 
school child. The torula yeast furnishes an inexpensive natural source of 
additional niacin, riboflavin, and thiamine. 

The degree to which the amino acid pattern of the mixture corresponds to 
that of the reference protein proposed by the FAO Committee on Protein 
Requirements* is shown in FIGURE 2. It will be seen that the mixture con- 
tains adequate quantities of most of the essential amino acids per gram of 
nitrogen. Small deficiencies by calculation of tryptophan, methionine, lysine, 
and valine are present. The magnitude of these deficiencies will vary some- 
what with the particular corn used.“ * ‘The satisfactory degree to which the 
mixture would supply the estimated requirements for major vitamins and 
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minerals,‘® if it were fed as the principal food and sole source of protein, is 
shown in TABLE 2. The mixture does not supply vitamin C since, in the 
countries of Central America, this vitamin is abundant in fruits and fruit 
juices that are available and can be given easily to the young child. 

The mixture has thus far been fed to children only in the form of an atole, 
a purée, or a dessert. The afole is prepared by cooking the mixture in a double 
boiler with enough water to make a thin gruel and is flavored with sugar. The 
purée is prepared in the same way, except that less water is added, and salt 
and oleomargarine are used for flavoring. The dessert is essentially the purée 
flavored with sugar and vanilla and served cold. It is obvious that the mix- 
ture may be prepared and served in many other ways, and a precooked form 
is envisaged. 

Tests in animals have shown that this mixture is of good protein quality 
for rats, and for baby chicks when the added requirement for lysine is met.*” 
To date, 11 children have received this mixture. Among these is 1 who was fed 


TABLE 2 


Amounts OF Major NutTrIeENTS SUPPLIED BY INCAP VEGETABLE MrxtuRE No. 8 
COMPARED WITH ESTIMATED REQUIREMENTS* 


| Pro- | Vita- | Thia- | Ribo- | x; _- 
some faint beat Al seisaiee eee beeen iron, | clum. 
gm. | mg. | mg. | mg. . bi gm. 
| | 
Recommended*..........-. 00-000. 1140 | 40¢ |1.20 | 0.6 (Lo) 3.7 Life MARES 
150 gm. Veg. Mix. No. 8............ 750 | 38 |1.174| 2.1 | 0.9 | 12.6 | 60 | 1.3 


* INCAP’s recommendations for children 1 to 3 years old.*® 

} This figure is now believed to be more than double the amount required when the protein 
is of high biological value.‘ 

t Vitamin A activity calculated from carotene content. 


the mixture for a period of 100 days as the sole source of protein and 4 others 
who have received it from the time of their admission with moderate-to-severe 
kwashiorkor. The results have been uniformly good, and no complications 
have been encountered. Furthermore, the intake and output of nitrogen 
was measured in 5 children receiving their dietary protein entirely from the 
vegetable mixture for 5 days. The results were then compared with similar 
periods immediately before or after in which the child received the same amount 
of protein from milk. The average absorption of the milk protein was 81 
per cent, and that of the vegetable protein, 73 per cent. The average reten- 
tion of the total nitrogen fed was 17 per cent in each case, a clear indication 


that the child was utilizing the protein of the vegetable mixture as effectively 
as that of milk. 


Amino Acid Supplementation 


Now that the industrial production of certain of the essential amino acids 
at low cost is practicable, the possibility of improving the utilization of vege- 
table proteins by their supplementation with synthetic amino acids has been 
discussed.” In theory such a measure could be of great value, both for 


Béhar et al.: Kwashiorkor in Children 965 


the prevention of kwashiorkor and for the improvement of diets that are pro- 
tein deficient because of the poor quality of their protein. In most under- 
developed areas in which protein deficiency is a problem, the amount of pro- 
tein consumed by school children and adults would be satisfactory if only its 
biological value were higher. In some populations of the Guatemalan high- 
lands the diet contains as much as 75 gm. of protein primarily from corn and 
sull is deficient in tryptophan and methionine; there is also a marked im- 
balance among the essential amino acids. Thus, amino acid supplementation, 
if proved safe and effective, should be considered seriously. 

Unfortunately, there is not yet sufficient knowledge, either of the availability 
of amino acids in most vegetable foods or of the optimum proportions for hu- 
man nutrition, to be sure of the right amounts to add. ~The work of Elvehjem* 
has clearly shown that small excesses of the essential amino acids have a harm- 
ful rather than beneficial effect on protein utilization, and we have recently 
found that a small excess of methionine added to lime-treated corn consumed 
as tortillas decreases rather than increases nitrogen retention.” It is obvious 
that much more study is required before amino acid supplementation can be 
recommended as a practical preventive measure. 


Nutrition Education for Prevention 


Although economic factors and the unavailability of protein-rich foods are 
the basic reasons for the occurrence of kwashiorkor, ignorance and food preju- 
dices also play an important role. For this reason nutrition education con- 
stitutes a vital part of any program for its prevention. 

Central American parents are slow to give supplementary foods to children 
during lactation, and breast milk may be the only food received by the child 
until it is weaned. Prolonged lactation is, of course, very advantageous under 
the conditions prevailing in most regions where kwashiorkor is common, but 
supplementary food must be given well before the end of the first year. The 
fear of supplementary foods appears to be based largely on the frequency with 
which they are associated with diarrhea in young children; such diarrhea is 
always attributed to the food itself and not to poor hygiene. 

At the time of weaning, these prejudices persist or are even accentuated; 
instead of giving the weaned infant special foods, a selection is made among 
those received by the rest of the family, which tends to eliminate foods richest 
in protein. For example, black beans, which are customarily consumed by 
the adults and which are a relatively good source of protein, are not given to 
the young child, but he receives instead some of the water in which the beans 
have been cooked. Even when meat is available to the family, it is not con- 
sidered a suitable food for the young child, who is given instead only the broth. 

An even worse situation occurs when the food intake of the child is drastically 
reduced because of diarrhea. In this event, solid foods and milk, if the child 
is receiving any, are withdrawn, and thin cereal gruels (atoles) or preparations 
of starch are given instead. In some of the countries the use of barley or rice 
or sugar water is customary, and a severe nutritional deficiency rapidly de- 
velops. These poor feeding practices for children with diarrhea are found 
not only at all social and economic levels, but are even encouraged by some 
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physicians. A purgative is commonly given to children with ree . 
mistaken theory that it will help get rid of the worms that are believe to be 
responsible. All of these factors can be combated by nutrition education. 

An excellent example of this has been the success of the instructions given 
to the mothers who come to take their children home after hospital treatment 
for kwashiorkor. The majority of these children remain in good nutritional 
condition, as noted on subsequent follow-up visits, even though there have 
been no obvious changes in the socioeconomic conditions of the family. 


Environmental Sanitation for Disease Control 


Infectious episodes are frequent precursors of the development of kwashiorkor 
and have been identified as precipitating or contributing causes. — In this con- 
nection, special mention should again be made of infectious diarrhea, both 
because of its primary effect on nitrogen absorption and retention and because 
of the errors that are made in its treatment. Recent INCAP studies carried 
out in 2 towns in the Guatemalan highlands showed that an average of =P) 
per cent of children under 5 years of age have clinical diarrhea at any given 
time. Since the incidence of Shigella in these populations varies from 15 to 
15.5 per cent,’ it is probable that shigellosis is responsible for a significant 
proportion of these cases. Amebiasis, malaria, measles, whooping cough, and 
various other communicable diseases have a similar effect. 

It is clear, therefore, that efforts directed toward improving environmental 
sanitation and controlling communicable diseases should considerably reduce 
the number of children developing kwashiorkor, even though they will not 
eliminate the chronic malnutrition present in most of the children in rural and 
poor urban groups in the so-called underdeveloped areas. 


Summary 


Severe protein malnutrition occurs in any combination of protein and calorie 
deficiency, ranging from the adequate caloric intake of classic kwashiorkor to 
the severe deprivation of both protein and calories that results in marasmus. 
Furthermore, under actual field conditions, protein malnutrition occurs com- 
bined with the deficiency of various other nutrients. Rational dietary treat- 
ment must take these variables into consideration, together with the biochemi- 
cal and pathological alterations that occur in a child with kwashiorkor. Early 
correction of the electrolyte imbalance accentuated by diarrhea is imperative, 
but the generally satisfactory nature of the response to dietary therapy alone 
makes unnecessary the resort to blood or plasma transfusions, intravenous or 
oral protein hydrolyzates, enzyme preparations, and the therapeutic use of 
vitamins. On the other hand, the frequency of infection and the lowered 
resistance of the child make desirable the almost routine use of antibiotics. 
Intestinal parasites, although frequently present, should not be treated until 
after the child has recovered. 

While the use of milk continues to be an ideal basis for therapy and preven- 
tion, properly constituted vegetable protein mixtures are almost equally effec- 
tive for treatment and are the most promising means of prevention for many 
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areas of the world. Much more work is required to determine the possible 


value and practicability of the amino acid supplementation of vegetable foods 
in areas in which animal protein is in short supply. 


Since diarrheal disease is widely prevalent in areas in which kwashiorkor is 


endemic and contributes to the development of severe protein malnutrition, 
improved environmental sanitation should reduce the number of cases of 
kwashiorkor. A major factor in the effective prevention of kwashiorkor will 
always be nutrition education directed toward improved feeding practices 
for the weaned infant and the young child. 
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PREVENTION AND TREATMENT OF CHRONIC SEVERE 
INFANTILE MALNUTRITION (KWASHIORKOR)* 


By Federico Gémez, Rafael Ramos-Galvan, Joaquin Cravioto, 
and Silvestre Frenk 
Group for Research on Infantile Malnutrition, Hospital Infantil, Mexico, D. F., Mexico 


Introduction 


Variously known as Shibi Gachaki (Japan), MehInahrschaden (Germany), 
Kwashiorkor (Ghana), Sindrome Pluricarencial Infantil (Central America), 
and Protein Malnutrition (World Health Organization),! chronic severe mal- 
nutrition is the inheritance of children living chiefly in technically underde- 
veloped countries. A number of factors—social, economic, sanitary, and 
educational—contribute to its high incidence. The cumulative effect of the 
negative action of each of these factors bears on millions of individuals through- 
out the world, and the prevention and treatment of the disease have thus be- 
come a world responsibility. 

Judged at the individual level, this process is the result of the interaction of 
a poor diet eaten in amounts that fall well below the minimal requirements. 

A brief description of the clinical record of a severely malnourished child 
may be helpful in trying to support some of our ideas in regard to prevention 
and treatment. A typical dietary history reads as follows: 

The mother’s diet durmg pregnancy is in no way improved over her usual 
one. Asa result, the “healthy” newborn is shorter and lighter than normal. 
For the first 3 or 4 months, breast feeding is more or less adequate, as judged 
by the weight and height increments of the infant. Thereafter, although the 
average contents of protein and fat are not too different whether the milk 
comes from a malnourished or a normal mother, the quantity of milk diminishes 
in the former.*:* Even though it is true that children continue to suck at the 
breast until they are 18 to 36 months old, studies by Platt’ have shown that, 
at least in Gambia, the average amount obtained is only about one ounce per 
hour, so that ‘‘breast starvation’”’® would be a better term for this than breast 
feeding. Weaning is instituted abruptly, generally because of a new preg- 
nancy. The child is then fed gruels made with staples such as corn, rice, or 
millet, and sweetened with cane sugar. The baby is soon affected with bouts 
of diarrhea, primarily attributed to poor sanitary conditions. These attacks 
gradually increase in severity; contaminated food is the vehicle for these in- 
fections. During the attacks of diarrhea, the dietary intake becomes even 
more deficient since, as a rule, only corn-meal porridge or rice in water, with 
added salt or cane sugar, is given to the child. The poor sanitary conditions, 
which have persisted for generations, are partially responsible for the family’s 
fear of giving other foodstuffs, such as milk, in many communities. 

Diet surveys conducted in Mexico, Jamaica, Central America, Chile, Cey'on, 
and several parts of Africa have shown that the diets consumed by children 

* The work reported in this paper was supported, in part, by Mead Johnson & Company, 
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in all of these places have a striking similarity, not only in their nutritional 
value, but also in the foodstuffs actually eaten: protein foodstuffs of animal 
origin are practically never ingested. ae 

Considering that the latter foodstuffs, besides being rich in protein, are 
among those containing the largest amount of fat, it may be said that we are 
dealing with a diet that is poor in calories, fats, and proteins, high in carbohy- 
drates and containing insufficient amounts of vitamins and minerals. An 
estimate of the dietary value in 733 children admitted into our hospital be- 
cause of chronic severe malnutrition gave the data, calculated as percentages 
of the minimal requirements for their age, set out In TABLE 1. 

Regardless of the magnitude of the calorie intake, the ratio of nonprotein 
to protein calories is always very high. 

The infant’s diet after weaning is not very different from that of the adults, 
but reports from Brock? in Africa and our own observations in Mexico agree 
that it is the recently weaned infant who receives the least food. As mentioned, 
due to the traditional association of food intake with ensuing diarrhea, his 


TABLE 1 


MEAN RELATIVE AMOUNTS OF DreTARY ESSENTIALS INGESTED 
BY MexIcAN MALNOURISHED CHILDREN 


Calories We heten ae Oboe ea ee 40-50%| Iron. .........----- 50-80% 

Prot elites ee rere -tere eye ee 20-60%]| Vitamin A.......... Low 

Ate evar tessa coe be eee 10-30% Thiamine........... Apparently sufficient 
Carbohydratemsns ar rieeees ses 60-85%], Riboflavin.......... Low 

Calcium aera enek eee 10-40%)|| Nicotinic acid....... Low 

Phosphorus. cee ate ae ae ne 0 OGG PASCOUDIG CIC aiaer amen Low 


diet consists, as a rule, of the watered-down local form of carbohydrate, given 
in increasing quantities as he grows older. 

As mentioned before, the chief sources of nutrients in our case are corn 
(Zea mais) and beans (Phaseolus vulgaris); wheat is used in small amounts. 
The amino acid contents of these foods have been determined by Cravioto, 
Massieu, and Guzman.’ When corn meal and beans are mixed in proportions 
of 4:5, as they are when commonly eaten by Mexican adults, the amino acid 
content of the mixture is surprisingly good. TABLE 2 shows the corresponding 
values found in our laboratory as compared to those present in similar amounts 
of cow’s milk protein and to the amino acid requirements of growing infants as 
given by Holt.® 

From TABLE 2 it may be seen that—except as regards lysine—corn and bean 
protein, when combined in the proportions cited, yield amino acids in amounts 
equal to or greater than those provided by a similar weight of milk protein. 
When this mixture was given to rats as their only source of protein, the weight 
gain per gram of protein consumed was only 0.93 + 0.037, as compared with 
a gain of 1.84 + 0.04 when 22 per cent of the total protein was provided by 
milk protein.’ 

Since these foods are almost the only ones available for a great majority of 
the poor population in Mexico, we considered it important to determine the 
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absorption and retention of nitrogen by our malnourished patients, especially 
since previous observations have shown that some children can be started on 
their cure when fed large amounts of corn and beans as their only diet. 

Ficures 1 and 2 present the results obtained when nitrogen intake was 
correlated with nitrogen absorption or nitrogen retention on a diet of corn and 
beans, as compared to values obtained on a similar group of patients fed cow’s 
milk. Graphs show that both absorption and retention from corn meal and 
beans, besides being quite variable from child to child, are low as compared 
with the absorption and retention from milk. 

From this it may be concluded that the only food available for the actually 
or potentially malnourished population of Mexico is poor in quality and quan- 
tity. 


TABLE 2 


Mean Datty Intake or EssentiAL Amino Acips 
(Protein intake—36.7 gm.; body weight—10 kg.) 


1 


Beans + corn Milk Requirements 

piryprophaw 2) oc .ce seen 0.36 0.37 0.30 

CUT) pie He get ae ane ae 2.55 1.74 
Threonine..... 1.91 1.20 0.60 
Methionine...... 0.64 0.46 0.65 
LAS as Sea a eae Sa 1.89 2.39 0.96 
ES IStIGUINES Ve oe acy a5 oe 1 es ; me 
MONEE. ee We Ak 3.» aoc 5.87 E 
NSOIENCING 0-0. eas cence 3.63 1.56 Q ; on 
Phenylalanine ss.....2..--- aD .69 1.10 : 
Pig we hoe oan sh ee oe Sr 0.83 


Whole milk: 1224 ml. 
Bean purée: 360 gm. = 98.3 gm. raw beans. 
Corn meal: 240 gm. 


Prevention 


The problem of the prevention of malnutrition is twotold: better food must 
be provided, and it must be eaten. In other words, We not nasi have to 
take the horse to the water, but we also must make him drink it. ; 

Space does not permit discussion of methods for increasing food production 
or for educating people to consume better foods, but these three points should 
be stressed: or 

(1) The provision of water and power to open new lands for cultivation is a 
requirement so universally accepted as to deserve no further comment. — 

(2) The elimination of pests and crop diseases should receive full considera- 
“%6) Methods of cultivation must be changed gradually from the very primitive 
ones still in use in many communities to fully mechanized agriculture. ee 
example only partial improvement in cultivation ee has more than 
quadrupled the yield of groundnuts in an African village. Pra 

Changes in types of food produced are very difficult to accomplish in areas 


972 Annals New York Academy of Sciences 


where the agricultural economy has been fixed by tradition and where individ- 
uals possessing very limited holdings of land, after much trial and error, have 
come close to what they believe to be the most reasonable utilization of their 
soil. 
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If one cannot influence the type of crop cultivated, the introduction of 
genetic varieties of higher and better nutrient content has already given good 
results with corn. 

Since the main limiting factors determining the amount of food available to 
a community are production, transportation, and storage, it may be questioned 
whether it is wise to increase production of food if it is of low biological value. 
The result of such a policy might mean only larger amounts of poor food. 
However, the problem has more important implications if one considers that, 
in order to get more work done, a better calorie intake is necessary. It has 
been stated that people living in technically underdeveloped countries are 
apparently lazy. However, if their physical efficiency is calculated in relation 
to their caloric intake, it is evident that these people could not possibly survive 
if more work were demanded from them. If more food is made available to a 
community, whatever its biological value, this may enable the performance 
of more work, thus breaking the vicious chain of inadequate food supply—low 
energy intake—limitation of physical effort—inadequate food supply, ad in- 
finitum. After more food has become available, the next step may be to try 
to provide proteins of high biological value." 

Unfortunately, as regards infants and children, the problem must be viewed 
from a different angle. Because of the growth demands of the young human, 
a fully balanced diet is required without any delay or interruption. Protein 
foodstuffs of animal origin are here the limiting factor, since, as already stated, 
aside from supplying good proteins, they are rich in fats and therefore in 
calories. If animal foodstuffs are wanting, a substitute must be found. The 
general tendency has been to find a local food of high biological value to sup- 
plement the deficient diet. However, as emphasized repeatedly, it is practically 
impossible to change feeding habits once they are established; the supplemen- 
tary food should therefore meet at least three requirements: 

(1) Supplementary food must be pleasing, not only to the child, but to all 
members of the family as well. It has been pointed out before that the diets 
of the children are not different from those of the adults, which means that 
food rejected by the parents is of no avail to the child. It does not matter 
how perfect a food may be from the nutritional standpoint if it is not going to 
be accepted. The paramount importance of this point has been insisted upon 
by Dean,” who holds that it is worthwhile to spare no efforts to make sure 
the food is pleasing, before going further and perhaps setting up a large proc- 
essing plant. 

(2) Once accepted, the supplementary food must be cheap, so that it may be 
accessible. ; ; 

(3) The supplementary food must be a rich source of animal protein. ; 

Chemical analyses of local foods and_ their by-products are accordingly 
necessary. If the possibility of the use of local foods is indicated by such analy- 
ses, a complete assay must be conducted. Gyorgy has recently summarized 
the minimal conditions for such an assay: “Any new preparation destined for 
human consumption should be pretested in infants and older children and in 
adults. Assays on animals should precede those in human beings. The 
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assays should include rnd ‘shelf-life,’ spoilage on storage, effects of tem- 
midity, etc.” 

Pe ee ae ney we have set up field studies, selecting 2 comparable 
villages and conducting a complete survey in them in order to have ieee 
line as regards the economic, social, educational, sanitary, and ees: 
status of both communities. Later, one of the villages is to be provided a 
a supplement of fish meal and, after 6, 12, and 24 months, new surveys Wl 
tell us about the acceptance or refusal of this supplement, the causes in either 
case, and the eventual benefit obtained from it. 

Similar studies are being made in other countries. Foodstuffs that have 
been or are being tried in various parts of the world are soybeans, Brazil nuts, 


1004 


80 


INTAKE 


60 


40 


20 


PERCENT OF 


= <-> 
Lyst+Iry Lys+Try LystTry LystTry 


Figure 3. The influence of amino acid supplements on the absorption of nitrogen from 
a diet of corn meal and beans. 


sunflower seeds, peanuts, cottonseed, and linseed. Partial results seem en- 
couraging, and further reports are awaited eagerly. 

Another way of improving the nutritional value of a deficient diet is to 
supplement it, not with other foodstuffs, but with those special nutrients that 
are considered to be limiting factors. So far, it has been shown that vitamin 
Biz does not appreciably influence the growth rate of children when used as a 
supplement.'* In severe cases of infantile malnutrition we could not observe 
any significant influence on the rate of recovery when the children were at the 
same time receiving a fully balanced diet. 

The addition of limiting amino acids has given good results in animals. 
Thus encouraged, we tested a diet of corn meal and beans in which chemical 
analyses showed that lysine and, possibly, tryptophan were the limiting 
amino acids. Results obtained by the addition of these acids to this diet are 
shown in FiGuRES 3 and 4. As shown, addition of the supplement in 4 cases 
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was followed by an increased percentage of nitrogen absorption and retention. 
These preliminary results, presented with the object of demonstrating a po- 
tentiality, have encouraged us to proceed into a more detailed investigation. 
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Ficure 4. The influence of amino acid supplements on the retention of nitrogen from a 
diet of corn meal and beans. 


Oo mg. 
SUPPLEMENTS : 100 mg. 
f—] 250 mg 


PERCENT OF INTAKE ABSORBED 


0 ZZA: 
FicurE 5. Nitrogen absorption expressed as percentage of nitrogen intake in severely 
malnourished children on a diet of cow’s milk with and without L-lysine supplements. 


Once a good food is available, the problem of using it becomes one of educa- 
tion. How can we make people eat these foods or supplements? Our idea 
has been to encourage the finding of items that can be mixed with the normal 
diet without affecting its original taste since, as previously mentioned, it is 
practically impossible to change eating habits. Thus, we have been able to 
wean children on a special mixture, with the consequence that by the time our 
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supplies of it became exhausted the children refused to pepe iai cinch ao 
The question of education toward a new food or a Supplement is, : course, 
only a small part of any program tending toward prevention of ma Me 
Trowell!® and Dean'® have covered this aspect of the problem in an excellent 
manner. Three of their points may be emphasized here: 
(1) In areas where malnutrition is prevalent, everyone should learn to recog- 
nize the disease, especially all adults caring for children. 
(2) Recognition of malnutrition at an early stage 1s obviously a matter ot 
extreme importance. Since there is no method that really can assess the 
state of nutrition, research in this direction should be given priority. _ 
(3) Mothers and educators should be specially taught the very particular 
needs of children, and emphasis should be placed on the fact that children must 
be given absolute priority on food consumption. 
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FicurE 6. Nitrogen retention expressed as percentage of nitrogen intake in severely 
malnourished children on a diet of cow’s milk, with and without L-lysine supplements. 


If special care is taken in improving personal and familial sanitary condi- 
tions, there is a large group, at least in Mexico, that will be benefited. A 
demonstration area, both experimental and educational, seems indispensable 
wherever malnutrition prevails. 

One should not forget that diet is not the only factor in human malnutrition. 
Infections, mainly gastrointestinal, due to poor sanitary conditions and faulty 
dietary habits and prejudices, may be more important in some places than diet 
itself. Thus, in chronic severe malnutrition, as well as in any other condition 
in which many different factors interact, an evaluation of all factors involved 
should be made first, in order to identify those limiting nutrition, so that a 
preventive campaign may be planned. In the last analysis, the limiting factors 
in many places of the world may be of a cultural and socioeconomic nature 
rather than specifically dietary. 


Treatment 


In spite of increasing knowledge as regards preventive measures, infantile 
chronic severe malnutrition is still a great scourge among children in the whole 
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world, mortality varying between 20 and 60 per cent in the majority of tech- 
nically underdeveloped countries. Prognosis has proved to be dependent 
chiefly upon severity of malnutrition as judged from weight deficit and upon 
certain complicating features of the disease, especially those of an infectious 
or metabolic nature. Mortality due to water and electrolyte disturbances 
related to acute diarrheal episodes or to respiratory infections, chiefly bron- 
chopneumonia, is greater during the first 48-hours spent by patients in a hos- 
pital, and its incidence is generally not affected by the use of recommended 
therapeutic measures.’ According to the presence or absense of acute com- 
plications, treatment of chronic severe malnutrition will conform to different 
therapies. In the first case, management obviously comprises 2 chief steps: 
(1) an attempt to save the life of the child during the most critical early period 
of hospitalization, and (2) if this is successful, initiation of the necessary meas- 
ures tending to restore nutritional equilibrium. 

The first of these steps, which is properly an acute emergency and not the 
treatment of malnutrition per se, is mentioned here because of the frequent 
occurrence of failure in attempting it—a result probably related to an inadequate 
knowledge of homeostatic mechanisms in malnourished organisms. In a 
child who has suffered from malnutrition since the early days of his life, evalua- 
tion and treatment cannot possibly be made according to concepts derived 
from observations made on well-nourished organisms. An accurate knowledge 
of features of the complications of malnutrition, as in the particular case of 
water and mineral metabolism, may eventually be obtained from study of 
tissue composition and renal function. 

From the clinical standpoint, water and electrolyte disturbances in a mal- 
nourished child are commonly characterized by these five symptoms: (1) 
apathy; (2) lack of thirst; (3) polyuria, hyposthenuria, and isosthenuria; (4) 
coexistence of clinical features of dehydration and edema; and (5) lack of usual 
signs of systemic or local infection. 

Biochemical investigations in these same subjects have shown: (1) relative 
increase of extracellular fluid volume; (2) extracellular hypotonicity; (3) intra- 
cellular overhydration; (4) decrease of intracellular potassium concentration, 
not necessarily revealed by hypokalemia; and (5) intracellular water and so- 
dium shifts upon decline of patient. 

Studies of renal function have demonstrated: (1) decrease in glomerular 
filtration rate and renal plasma flow; (2) high clearance of osmotically free 
water; and (3) decreased sodium and phosphate excretion. 

Treatment of the acutely ill child, suffering primarily from chronic severe 
malnutrition, necessarily must take into account many of the clinical and bio- 
chemical paradoxes apparent from this summary. Thus, the use of a hy- 
potonic solution would probably be contraindicated in an already hypotonic 
subject. On the other hand, while treatment with hypertonic solutions 
would seem logical, their use may be potentially dangerous because of uncon- 
trollable water shifts within the organism. At present, therefore, the most 
adequate repair solution seems to be one having a similar osmolarity with the 
patient’s own blood plasma and supplying the necessary potassium and calcium 
ions. At any rate, the extremely delicate balance upon which survival of an 
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undernourished dehydrated child depends precludes the recommendation of a 
universal good-for-everything solution. Perhaps more than anywhere else in 
medicine, these individual cases require individual attention. Lhe same may 
be true in the treatment of infection per se, if occurring in a malnourished sub- 
ject. 

Treatment of malnutrition is etiologic: it consists of supplying food. Our 
group has summarized the treatment of chronic malnutrition by saying that 
it consists of a “normal diet, to be consumed freely, rich in calories and pro- 
teins of high biologic value, palatable, of easy ingestion and digestion.”"8  Vi- 
tamin supplements have thus far been found unnecessary." 

Thus, children who have survived the infectious accident or the acute elec- 
trolyte disturbance, or those who have been spared these situations, are given 
initially a liquid diet, preferably whole milk with 10 per cent corn syrup added. 
Ingested ad libitum, such a diet does not provide, at first, more than 35 cal./kg. 


TABLE 3 


AVERAGE VALUES PER KILOGRAM OF Bopy WEIGHT OF NUTRIENTS IN Diets INGESTED ON 
SeLF DEMAND BY 373 SEVERELY MALNOURISHED CHILDREN 


First 5 days 6th to 10th day | 11th to 15th day Thereafter 
Galoriesi crrotramcrin etic 35.0 61.0 110.0 190.0 
Carbohydrates! (ems) eee 6.5 11.0 17.0 26.0 
Proteimsy (crn) eeeee eee sere a 1S 2.0 3.0 657 
artsa (oma) eee eee een ae 0.4 i.0 Sere. 6.4 
VataminwAn (Us) sien 200.0 300.0 700.0 7300.0 
INGofovidoyte Exenal (Gay) sce Das! a0 1520 120.0 
IRabotlavany (cover) eyelets ees 0.7 1.0 Ley 30 
INiacinamide! (mes) sane ne: 0.5 Ono 0.6 4.5 
Ailanenanines (Gia) 6 Gh cna Ort 0.2 Wes 0.8 


of actual weight, or 20 cal./kg. of ideal weight. Nevertheless, such a low 
calorie and protein intake is sufficient, during the first week, to achieve a posi- 
tive balance. This fact must be taken into account in order to avoid the 
common error of branding such a child as “anorexic.” Gradually but 
quickly, the patient is capable of ingesting larger amounts of food and, with- 
in 15 days, he is already receiving 100 or more calories per kilogram of actual 
body weight. By this stage, the intake of foods other than milk, mainly 
puréed meat and vegetables, already has begun. 

A small number of children show actual anorexia, which is extremely difficult 
to fight. In such cases, feeding by a slow and continuous gavage through a 
polyethylene tube has been successfully accomplished. Only rarely has it 
become necessary to employ this resource for more than 5 days. 

Three weeks after admission, under such a liberal “self-demand” regimen 
na ee is ingesting 200 to 250 cal./kg. of body weight through a varied 

let. From the foods ingested by a group of 373 chi 
following average values x the miata a ats a 

Treatment may be considered successful when the patients show: 

(1) Quick improvement in appetite and interest in food. 
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(2) Progressive weight increment. A considerable proportion of children 
show gains from 50 to 100 gm. daily during recovery; this seems incredible to 
those not familiar with the disease. 

(3) Disappearance of edema. With no therapeutic measure other than 
diet and rest in bed, it is frequent to see edema, which has been calculated to 
represent from 10 to 25 per cent of actual body weight, disappear in a matter 
of 10 to 15 days. Because of the severe depletion of electrolyte shown by 
these patients, we are afraid to use other agents to attain a more rapid mobili- 
zation of edema, as such measures generally produce further depletion of so- 
dium and potassium. In a few cases, edema in these patients becomes worse 
due to congestive heart failure, apparently also of nutritional origin. Treat- 
ment in these cases obviously must include measures intended to prevent 
deterioration and failure. In these cases, success is not achieved with thiamine. 

(4) Clinical cure of skin lesions. Regardless of the treatment employed, 
“pellagrous” skin will peel off in a matter of 10 to 20 days, leaving a new skin 
with more or less normal characteristics. 

(5) Normalization of serum albumin levels. While total protein concentra- 
tions in blood serum will become normal in about 20 + 5 days, albumin levels 
are a much more precise index of improvement; they do not turn normal before 
45 + 15 days. This development occurs together with a further increase of 
gamma-globulins, which must have been already high on admission of the 
patient to the hospital. 

(6) Clear signs of well-being. It is a well-known fact that the return of 
appetite and smiles in a sick subject are signs of good prognosis. Later on, 
other manifestations of a normal social behavior and of neuromuscular reha- 
bilitation appear. 

In a few cases, usually in infected children, anemia is so severe, even if it 
belongs to the typical normocytic, normochromic type, that measures such as 
packed red cell transfusion seem indicated. However, according to our ex- 
perience, even totals of 3 million red cells per cu. mm. or 7 gm. hemoglobin 
per cent do not require transfusions. Rather, an adequate diagnosis and early 
treatment of an existing infection seem to be more important. In this type 
of patient, even the presense of megaloblastic anemia does not generally es- 
tablish indication for any treatment other than dietary. Eventually, hy- 
pochromic anemias in recovering children may require the use of iron, if one 
cannot be sure that they will continue receiving an adequate diet at home for 
a sufficient period of time. 

If treatment is conducted with success, the anatomical, functional, and bio- 
chemical lesions disappear gradually, following a reverse order from that in 
which they originally appeared. i 

Aside from the total or partial regression of lesions due to malnutrition, a 
series of clinical and biochemical alterations appear during the 2-month period 
after the beginning of treatment. These symptoms have been described 
collectively under the name of nutritional recovery syndrome.” The chief 
clinical signs appear 15 to 45 days after treatment has been initiated and last 
for about one month. They may be observed in all forms of advanced mal- 
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nutrition and are coincident with the healing of skin and mucosal lesions. 
ra Sere hepatomegaly, which is characterized histologically by the 
disappearance of steatosis, if fatty degeneration has previously existed. ; 

(2) Potbelly, with ascites and superficial venous network on abdomen an 
chest. 

(3) Hypertrichosis, predominant on the forehead, cheeks, shoulder, and thighs. 

(4) “Moon face,” comparable to that of Cushing’s syndrome, and telan- 
giectasis. 

(5) Progressively increasing hypergammaglobulinemia, 

(6) Progressively abnormal thymol turbidity, which parallels the evolution 
of gamma-globulin levels. 

(7) Increase in blood volume, with simultaneous transitory decrease of 
hematocrit and hemoglobin concentration, followed immediately by reticulo- 
cytosis. These findings occur simultaneously with the appearance of potbelly 
and ascites. 

(8) In 33 per cent of the cases, eosinophilia, not related to allergy or parasites. 

(9) About 100 days after the beginning of treatment, long bones show a 
zone of subepiphyseal condensation, clearly delimited from the osteoporotic 
metaphyses. At the same time, calcium, inorganic phosphate, and alkaline 
phosphatase concentrations in blood are abnormally high. 

These manifestations of the nutritional recovery syndrome may all appear 
in a single case, or only some of them may be present simultaneously. They 
have been considered the result of accelerated growth and development in a 
previously nongrowing subject, with varying increments for each different 
organ, and their pathogenesis is at present under active study. 
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DISCUSSION 


PauL GyOrcGy (University of Pennsylvania School of Medicine, Philadelphia, 
Pa.): The excellent presentations of the preceding three essayists have delved 
into a rich store of observations and have acquainted us with the rather 
remarkable progress achieved during the last few years in the newer knowledge 
on the pathogenesis, prevention, and treatment of kwashiorkor. 

I propose to touch upon a few points only. First, the “pyramid” of Béhar 
and Scrimshaw is an extremely helpful concept. It should be emphasized, 
however, that marasmus may develop without the intermediate stage of pre- 
kwashiorkor or kwashiorkor. In total caloric starvation or undernutrition 
with a food such as milk, we have no prekwashiorkor. We have prekwashiorkor 
or kwashiorkor only when the ratio of calories to protein is really disturbed. 
I refer not only to the quantity of protein, but also to the quality of protein, 
which is usually a factor. 

The calorie-protein ratio has been mentioned once in the papers under dis- 
cussion. Its formulation is an extremely difficult problem. In caloric and 
protein starvation (I am now speaking of milk protein), there is also protein 
depletion and no growth. However, we have no fatty liver, no hypoproteine- 
mia, and no reduction in intestinal enzymes. According to the teachings of 
classic physiology, increase of the nonnitrogenous calories should improve 
protein retention. In practice, however, we see here the slow and progressive 
transition to kwashiorkor. 

In studies not completed that I have carried out in collaboration with D. D. 
Kornfeld, rats on a soybean protein diet responded to increase of nonnitrog- 
enous calories with improved nitrogen retention but, at the same time, they 
developed fatty liver, then cirrhosis; as if the nitrogen—in accordance with 
our contention—did not go to the liver, the nitrogen content of which was 
found to be unchanged, but to other tissues, probably to the muscle. We do 
not know where the break occurs, but it must occur. 

Then we have what we call, as I still prefer to name it, kwashiorkor or pre- 
kwashiorkor— an entity that I like to maintain. 

As regards treatment, I have been very much impressed by the excellent 
results that Jean Sénécal has obtained with protein hydrolyzate: milk protein- 
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hydrolyzate, as I understand it. However, these results still remind me of 
the state of affairs a few years ago in the treatment of liver disease. ve 

Dietary liver disease is considered a manifestation of protein deficiency, 
and my associates and I have recommended for its treatment diets high in 
protein. However, we have often encountered difficulty, especially in ce 
acute hepatitis or in decompensated liver. Protein hydrolyzates, 9 to 
em./kg. from the start, may lead to trouble. I feel it necessary to utter a 
word of warning, especially when I see the tables and the results of Béhar and 
Gémez, who proceed very, very cautiously and slowly. These workers gave 
only 1.3 gm./kg. at first, increasing this amount progressively to 2, 3 and, 
later, more, and they achieved good results. Then we come to an interesting 
new concept, a really new discovery made by Gomez; namely, the recovery 
syndrome. This is a new concept. I have never heard of it before. It has 
not been described previously insofar as I know, and it is an amazing syndrome. 
However, I think that we are dealing here with the same set of symptoms 
that we observed in our war prisoners who returned from Japan and developed 
similar endocrine troubles after refeeding. I think there the refeeding was 
very fast. These men were very hungry, they ate fast, and they developed 
these endocrine disturbances. 

I should like to prevent the recovery syndrome. I should like to teach the 
children not to eat too much food; to be a little more satisfied with less. 

With regard to treatment and prevention of kwashiorkor, I think the results, 
especially of INCAP, are extremely impressive and, having had the privilege 
of watching them more or less since the start of these studies, I congratulate 
Scrimshaw, Béhar, and their group on the excellent results they obtained. 

Finally, a word of thanks to G6mez, who comes from Mexico, a country of 
very old and admirable culture. In a very diplomatic and tactful manner he 
has spoken of technically underdeveloped countries. I am grateful to him for 
teaching us that we should not speak simply of underdeveloped countries. 
We should speak, instead, of “technically underdeveloped countries.” 

H. E. SAUBERLICH (Department of Animal Husbandry and Nutrition, Alabama 
Polytechnic Institute, Auburn, Ala.): My comments are not concerned directly 
with kwashiorkor as observed in humans, but rather with an experimental 
condition, produced in rats, that resembles the disease. I refer to the condition 
as experimental nutritional edema. This edema is produced readily by feeding 
rats diets low in protein, methionine, choline, folacin, and vitamin Byo. 1: 2 
Generalized edema with a 100 per cent incidence can be produced in rats in 
10 to 12 weeks. The liver of the edematous rat is fatty and cirrhotic. The 
degree of cirrhosis is variable, since it is related to the diet used, the age of the 
animals, and the time of onset of the edema. Damage to the pancreas and the 
heart is usually noted. Addition to the diet of protein, choline, methionine, 
betaine, or folacin and vitamin By will prevent the development of edema. 

Analyses of the blood and liver demonstrate changes similar to those reported 
for kwashiorkor. Enzyme and nucleic acid concentrations of the liver are 
altered markedly. The blood pressure of animals on the edema-inducing diets 
falls and, at the onset of edema, may fall to very low levels. The serum 
electrophoresis patterns of the edematous rats are quite different from those 
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of the control animals. The alpha;-globulin fraction is reduced or absent in the 
edematous rat. The beta- and gamma-globulins often increase, particularly 
when severe cirrhosis occurs. The albumin falls, but more slowly than does 
the alphay-globulin. However, in very acute edema the serum albumin may be 
reduced to very low levels. 

Rats with edema have been treated successfully with diets containing high 
levels of protein, choline, and vitamin By and folacin. However, several 
weeks of feeding were required before the serum and blood pressure returned 
to normal. Supplements of choline alone required a long period of time for 
recovery. Even the hemoglobin level returned to normal slowly. 

Although the supplements of choline, methionine, and folacin and vitamin 
By2 prevent the occurrence of edema, completely normal livers are not observed; 
for instance, fatty livers occur. To prevent this infiltration of fat, other 
amino acids or higher levels of complete proteins must be administered. Par- 
tial deficiencies of amino acids other than methionine have not produced edema 
routinely. 

The experimental edema appears to be associated with methionine and 
methyl groups, as in choline or, indirectly, in vitamin By and folacin. The 
condition may be associated, in turn, with impaired liver function or insufficient 
methionine for the formation of plasma proteins. Secondarily, dietary protein 
and other amino acids would be associated with the condition. 

There appears to be a similarity in the changes that occur in the animal with 
experimental edema and those seen in the human patient with kwashiorkor. 
Thus, it would be of interest to know if the condition that occurs in humans 
could be prevented by dietary supplements of methionine, choline, and folacin 
and vitamin By. Supplements of lysine, tryptophan, and threonine also 
might be included, since these amino acids have some protective effect in the 
edema studies and aid in the prevention of the infiltration of fat into the liver. 
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Jack Mertcorr (Michael Reese Hospital, Chicago, [ll.): | propose to comment 
on two or three items mentioned in the very interesting and excellent papers 
presented thus far and then to amplify some of the observations reported by 
Gémez. It was my privilege to have the opportunity of working with him 
and his group a few years ago. 

Lysine is one of the amino acids considered important in relation to the 
development of the syndrome of kwashiorkor. It is of interest that, in po- 
tassium-deficient rats, lysine appears to be one of the amino acids that 1S 
thought to substitute for potassium in the cells, or at least to contribute 
cationic equivalence, since lysine is a divalent cationic amino acid. This seems 
somewhat incompatible with the concept of simultaneous potassium and lysine 
deficiency. Similarly, a number of years ago it was thought that protein 
deficiency produced deficiency in gamma-globulin and, hence, a reduced 
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resistance to infection. Children with kwashiorkor tolerate infection poorly, 
have many infections, and yet tend to have hypergammaglobulinemia. An- 
other point that seems of interest, as my colleagues who deal with protein 
malnutrition have pointed out to me, is that in some areas the incidence of the 
edematous phase is partially seasonal. In those countries where there is a 
rainy season, there is a greater preponderance of the edematous form of the 
disease at that time. The dry season tends to be associated with the less 
edematous form of the disease. It is conceivable that foods available during 
the rainy intervals differ from those eaten in the dry season. 

I should like to describe some features of this syndrome that were observed 
during the first 48 hours of hospitalization. My colleagues and I were con- 
cerned with this period because in many instances death was attributable to 
extensive derangement of the fluid balance. This derangement did not respond 
to the well-known and effectively used types of electrolyte therapy. It seemed 
of interest, therefore, to explore the nature of this process. 

Characteristically, the muscle composition of children with profound mal- 
nutrition was found to be of two general types; the malnourished children 
tended to have either an increased extracellular phase or a decreased extracel- 
lular phase in muscle. However, whether these patients had an increased or 
a decreased extracellular phase, an increase in intercellular phase was noted. 
The hypotonicity noted by Gémez seems to be very striking in the intracel- 
lular phase as far as potassium and sodium concentrations, at least, are con- 
cerned. The discrepancy between the sum of Na + K, making allowance 
for magnesium, suggests that an intracellular defect of phosphorus also 
might exist. The relationship of potassium to noncollagenous nitrogen was 
altered in the malnourished children irrespective of whether they had dehy- 
dration or edema. The reduction in K/N ratio was not due to a reduction 
in the potassium content of the muscle; it appeared to be due to an increase 
in the noncollagenous nitrogen content of the muscle. This probably represents 
a “‘cannibalizing”’ of the material derived from muscle masses that had dis- 
appeared previously. From a child who ultimately died we had an oppor- 
tunity to obtain two muscle biopsy samples; one at the time of admission, 5 
days before death and, by chance, another one 32 hours before death. The 
characteristit feature appeared to be a shift in muscle water with a decrease of 
extracellular water and an increase of intracellular water. There was 
a markedly increased concentration of sodium within the cell that was not 
associated with any change of potassium content in the cell; that is, an accu- 
mulation of water and sodium without an associated deficit in potassium. 
The opposite phenomenon also was observed. A child was admitted with 
severe malnutrition; this patient had a contracted extracellular phase and ex- 
panded intracellular phase in muscle. With recovery over a 25-day period there 
was a return toward normal composition of the muscle. A decrease in con- 
centration of sodium within the cell from 33 to 12 mM per liter of intracellular 
water was observed. 

Renal functions in relation to malnutrition were studied principally by 
G. Gordillo. Malnourished children have marked reduction in renal function 
in relation to surface area; that is, about one half the normal glomerular filtra- 
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tion rate and renal plasma flow. We had an opportunity to observe one par- 
ticular child while his condition deteriorated somewhat following an episode of 
diarrhea and dehydration. This patient showed a striking fall in total renal 
plasma flow and also in glomerular filtration rate. As Gomez has mentioned, 
the hypotonicity of these children is associated with an increased excretion 
of dilute urine even in the presence of severe dehydration. 

We have attempted to draw a tentative hypothesis of the development of 
these biochemical lesions. We visualize the protein and caloric insufficiency 
leading to physiologic changes, associated with clinical features of poor weight 
gain or weight loss. Diarrhea or infection lead to changes in extracellular and 
intracellular fluids that are superimposed on those caused by protein and 
caloric depletion. Net intake of water exceeds that of solute, causing hypoto- 
nicity. With hypotonicity, edema occurs and is associated with initial cellular 
adjustment in tonicity and increased cell volume. Continued diarrhea causes 
dehydration; fluid and salt loss is superimposed upon an already increased 
intracellular water. The renal adjustments allow the child to undergo either 
compensation or decompensation (‘‘athrepsia’’). If decompensation occurs, 
the child may still have some degree of edema or dehydration, but he will 
be in a state of limited physiological flexibility. Thus, any event such as in- 
fection or diarrhea may cause death rapidly. With compensation, the child 
becomes marasmic. The marasmic childactually seems quite resistant to sudden 
electrolyte stresses, possibly because of the reconstitution of surviving cells as 
a result of effective uptake of endogenously released materials from previously 
destroyed cells. 

NeEvIN S. ScrmrsHaw (Pan American Sanitary Bureau, Regional Office for the 
Americas of the World Health Organization, and Institute of Nutrition of Cen- 
tral America and Panama [INCAP], Guatemala, C. A.): In 1955 the World 
Health Organization (WHO) and the Food and Agriculture Organization 
(FAO) of the United Nations sponsored jointly with the Josiah Macy Jr. 
Foundation of New York, N. Y., a conference on Human Protein Require- 
ments and Their Fulfillment in Practice, held at Princeton, N. J., in which 
persons working actively with kwashiorkor in ten different countries in three 
continents were brought together.! As the discussions proceeded, it be- 
came strikingly apparent that all of these participants were discussing es- 
sentially the same syndrome, despite minor differences in the ages at which 
onset of the disease occurred and the nature of associated secondary deficiencies.” 
In these pages we note the similarity in the approach of workers from three 
different countries and two continents to the prevention and treatment of 
kwashiorkor. - 

Not only is kwashiorkor basically the same clinical syndrome the world 
over, but also the epidemiological factors are more or less the same. Two 
features stand out: (1) kwashiorkor occurs most commonly soon after weaning, 
when the diet substituted for mother’s milk is deficient in protein of good 
quality, and (2) the problem is complicated by stress factors in the ee 
particularly the frequency of infectious disease. However, the number o 
children with kwashiorkor is merely an index of the prevalence of protein 
malnutrition in almost the entire preschool-age population in some areas. 
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Furthermore, protein malnutrition in this age group 1s a reflection, ae ie of 
poor feeding practices, but also of a chronic shortage of protein-rich foods in 


the area. : ure ' Tae ; 
The management-consultant firm of Klein and Saks, Washington, D. C., has 


recently completed a study in Guatemala in cooperation with INCAP the 
illustrates the deficit between food production and nutritional needs character- 
istic of underdeveloped areas in general. In FIGURE 1 the estimated require- 
ment for each food group was based on the minimum amounts necessary for 
an adequate diet. For purposes of the calculation, as little change as pos- 
sible, consistent with nutritional adequacy, was made in present urban and 
rural dietary patterns. Maximum use was made of corn, beans, and other 
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Figure 1. Available food production compared with actual food requirements in Guate- 
malain 1955. (Prepared by Klein and Saks, Washington, D.C., in collaboration with INCAP.) 


basic foods now consumed in large quantitites, so that the amounts of animal 
products listed as required fall far short of United States standards. It is 
highly significant that the only food group available in an adequate amount, 
even on this minimum basis, was that of refined carbohydrates, principally 
sugar. Over 160 per cent of the desirable amount of this source of ‘“empty” 
calories in the diet was produced. Only 68 per cent of the minimum “‘needed” 
amount of cereals was produced, however, and less than 50 per cent of all 
other food groups. Of course, some of the deficit is made up by imports, 
but these imported foods are frequently not available to the lower-income 
groups. It is easy to understand why protein deficiency is so widespread. 

As has been pointed out, the prevention of kwashiorkor will require major 
changes in the way young children in underdeveloped areas are fed. Of 22 
children investigated by us because of admission to the hospital with kwashior- 
kor, none had received meat, cheese, or fish, 3 had received an occasional egg, 
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and 9 had received cow’s milk, but usually only in token quantities given in a 
dilute solution.’ All but one had received the thin cereal gruels known as 
atoles, and most of them had received coffee, but 8 of them had not even been 
given tortillas and beans, the staple solid food of the adult diets. It is obvious 
that extensive education will be required, as well as an inexpensive supply of 
suitable protein-rich food or foods. 

These discussions have revealed some degree of confusion regarding the 
relationship between marasmus and ‘classic’? kwashiorkor, especially since 
all three of the papers under discussion have dealt primarily with the treat- 
ment and prevention of that combination of calorie and protein deficiency 
referred to as marasmic kwashiorkor. As Béhar showed in a schematic rep- 
resentation of the different types of malnutrition in the form of a pyramid 
(FIGURE 1 in his paper), certain characteristics are associated with the chronic 
starvation of marasmus, and others are associated with the protein deficiency 
in the presence of adequate calories that is responsible for classic kwashiorkor. 
As seen in most regions of the world, however, kwashiorkor is complicated, 
to a greater or lesser degree, by a chronic deficiency of calories, and is char- 
acterized by a marked tissue wasting and loss of subcutaneous fat not found 
in the so-called ‘classic’? kwashiorkor. As one moves in the spectrum close 
to the deficiency of all nutrients that characterizes marasmus, the signs of 
kwashiorkor become less pronounced. 

There is evidence that certain of the biochemical changes that are char- 
acteristic of kwashiorkor do not occur in marasmus, and certainly neither 
fatty liver nor edema occur in the latter. Gydrgy, in his comments, emphasized 
the importance of distinguishing between the two conditions, and the pyramid 
used by Béhar to portray infant malnutrition does this clearly and graphically. 
However, it is also necessary to recognize that the majority of cases studied 
and treated by Sénécal, Béhar, and Gomez are neither at one extreme nor 
the other, but fall somewhere between them. 

While the base of the pyramid represents the clinically recognized cases 
of marasmus, marasmic kwashiorkor, and kwashiorkor, the bulk of it is com- 
posed of a continuous range from a well-nourished condition to severe mal- 
nutrition. The farther from normal, the more clearly the characteristics of 
malnutrition become evident, and the more readily it is possible to distinguish 
between marasmus and kwashiorkor. . 

Gémez speaks of “third-degree malnutrition,” by which he means a weight 
of 40 per cent or more below the normal weight for well-nourished Mexican 
children. The pyramid used by Béhar also could be visualized as divided 
transversely into 3 segments: (1) that nearest the apex to include first degree 
malnutrition (10 to 25 per cent underweight), (2) the middle, second-degree 
malnutrition (25 to 40 per cent underweight), and (3) that nearest the base, 
third-degree malnutrition. This would demonstrate the concept that I 
believe to be correct; namely, that the term third-degree malnutrition, as 
used by Gémez, includes marasmus and marasmic kwashiorkor as well as, 
theoretically at least, any other nutritional cause of severe weight loss. Usu- 
ally, third-degree malnutrition without edema is marasmus, although it 
may also include an occasional case of kwashiorkor in which the edema has 
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already disappeared. In Mexico and Central America, third-degree mal- 
nutrition with edema is almost always marasmic kwashiorkor. Because little 
weight loss is involved, classic kwashiorkor ordinarily would not be covered 
by the term third-degree malnutrition. I believe that this explanation rec- 
onciles the terminology of the principal contributors to this portion of this 
monograph. 

Sénécal, Béhar, and Gomez have all emphasized the importance of finding 
ways of using vegetable as well as animal protein for the prevention of mal- 
nutrition, and all have presented data that showed substantial progress in 
achieving this result. Workers in nutrition in the United States are being 
increasingly called upon for assignment as foreign consultants. It is important 
to recognize this and to teach students to seek all possible solutions to the 
problem of protein malnutrition, including maximum utilization of vegetable 
protein sources, rather than to expect that North American production and 
comsumption levels of animal protein can be applied reasonably to all areas. 

The evidence presented in these pages on nitrogen balance studies in children 
to the effect that the nitrogen retention with a suitable vegetable mixture is 
essentially the same as that with milk has particular significance. This has 
long been discussed as a theoretical possibility, and it is encouraging to see 
that the concept of complementary vegetable protein combinations is being 
applied successfully to the solution of the major problem of improving protein 
nutrition and, as a corollary, preventing kwashiorkor. The contributors 
deserve commendation for their practical accomplishments as well as the 
scientific excellence of their work. 
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CERTAIN BIOCHEMICAL FINDINGS IN MAN IN 
RELATION TO DIET* 


By A. R. F. Walker 
Human Biochemistr y Research Unit, South African Council for Scientific and Industrial Research, 
and South African Institute for Medical Research, Johannesburg, 
Union of South Africa 


This paper deals primarily with observations made on the South African 
Bantu, upon whom, with a number of associate workers, I have been carrying 
out various investigations over the last ten years. The local Bantu differ 
from the white population in numerous ways: in diet, biochemistry, hematology, 
physiology, and pathology. In some respects, these people are the objects of 
our sympathy; in others, they are most certainly the objects of our envy. 
In some countries there would seem to be a limited choice of problems in 
human nutrition to investigate, but in South Africa it is a question, rather, 
of which fascinating problem one should attack first. In the course of my 
work I have touched upon many fields, any one of which could well engage 
the attention of several workers for many years. I have endeavored to inves- 
tigate some problems intensively; I have merely scratched the surface of others. 
Although the Union of South Africa is about one sixth of the area of the United 
States, its white population is about one fourth of that of New York, N. Y.; 
its total population is less than one tenth of that of the United States. Having 
a Bantu population living on one’s doorstep, so to speak, causes one to realize 
that in South Africa the fields of research are ripe for harvest and that the 
laborers are far too few. 

Diet 

The Bantu of South Africa number about 91% million; accordingly, they 
greatly outnumber the white population of about 3 million. In addition, 
there are about 1 million Eurafricans and one half million Asiatics. Of the 
Bantu, roughly one third dwell in Native Reserve areas, about one third 
work on farms owned by white people, and the remainder are urbanized, 
working in government and municipal departments, in industry, and as 
domestic servants. These people, therefore, may be observed in various stages 
of dietary transition, from the primitive living off the land to the urban house- 
boy consuming a largely Europeanized diet. The Bantu diet, speaking 
generally, includes a large amount of cereals, which supply 50 to 90 per cent 
of the total calories in the food consumed. Such cereals, usually whole-ground 
or lightly milled, comprise maize (corn), “kafhr corn” (Sorghum vulgare), 
and wheat. The maize andkaffir corn products are eaten, not only asa variety 
of porridges, but as fermented foods (such as marew, lambalaza, and kaffir 
beer). These foods, being traditional, are widely consumed, often in large 
volume. This particular characteristic will be referred to again. The wheat, 
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of course, is consumed as bread (about one half white and one half whole 
grain bread); its consumption is becoming increasingly popular near and in 
the large centers of population, perhaps principally because it is a food im- 
mediately ready for consumption. A further occasionally important item of 
diet consists of different types of legumes. Of vegetables consumed, the more 
common ones, particularly in rural areas, are the pumpkin, sweet potatoes 
(Ipomoea batatas), and various greens. The amount of eggs, meat, fish, and 
dairy produce eaten, also sugar, is usually much less than among the white 
population. Briefly and very generally, the diet of these people, according 
to accepted standards, although usually adequate in calories and gross protein, 
is low in animal protein and fat, high in carbohydrate and crude fiber, high in 
certain mineral salts and vitamins, for example, phosphorus, iron, vitamin A, 
and thiamine, but Jow in others, for instance calcium, riboflavin, and vitamin D. 

This pattern of diet is common; in fact, qualitatively it is the pattern con- 
sumed by the greater part of the earth’s population. The same pattern of 
diet was common among our forefathers a century or so ago; moreover, the 
adoption of such a regimen frequently is forced upon many countries for limited 
periods by wartime restrictions. 

What are the likely effects of the lifelong consumption of such a diet? What 
are likely to be the biochemical and pathological stigmata of a deficiency, or 
perhaps of an excess, of nutrients? Those who have participated in discussions 
on the examination and revision of recommended allowances will know of the 
heart searching that arises when we ask ourselves: How much do we really 
know about human needs of nutrients? Often one reads phrases such as 
“minimum physiological requirements,’ ‘‘marginal and optimal intakes,” 
and “safety margins’’; surely such expressions bear witness to the incomplete- 
ness of our present knowledge of the subject. Moreover, those of us who 
are white and live alongside a nonwhite population such as the South African 
Bantu must confess to the exasperation we often experience on considering 
whether these people are or are not short of this or that nutrient, particularly 
when, as often occurs, the relevant deficiency stigmata are not apparent. 

I now cite a few examples of nutritional situations and their ramifications 
confronting those of us in South Africa who are interested in the broad picture 
of the diet, in biochemistry, and in the clinical state and pathology of the Bantu. 
The examples to be described, which bear on protein, fat, calcium, iron, niacin, 
and vitamin C, in some instances call for a revision of current thought on diet 
and certain diseases; in others, they indicate a need for the reassessment of 
recommended allowances of nutrients; while other examples touch on phe- 
nomena deemed to be abnormal or even pathological, but which nevertheless 


would seem to be the normal response of healthy persons to the pattern of 
diet consumed. 


Protein 


The first point to be emphasized is that, in contrast to many other African 
populations, the diet of the South African Bantu older child and adult is 
characterized neither by deficiency of gross protein nor of specific amino acids. 
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According to recent local dietary surveys,! the gross protein intake of 
the adult South African Bantu is approximately adequate on the 1 gm./kg, 
basis. Indeed, since the bulk of the energy value of the Bantu diet is derived 
from cereals (roughly 400 to 600 gm. per diem, depending on the region), 
and since significant underweight (perhaps 10 to 15 per cent less than weight / 
height tables indicate) is not a feature of these people, the gross protein intake, 
in the main, cannot be seriously low. This observation must not be taken to 
imply that a// local Bantu adults obtain adequate protein. Obviously, among 
these people, as among any other population group, a proportion ingest in- 
sufficient of the nutrient. The fact remains that a low total protein intake 
is not characteristic. 

Concerning the intake of amino acids, if one takes the amino acid needs 
of young American adults reported by Rose* and assumes that the figures 
are applicable to the Bantu pattern of diet, then simple calculation shows 
that these amounts are contained in about 300 to 350 gm. maize or combination 
of cereals—an amount contained in the diet of most Bantu. Indeed, when 
one considers the fofal diet of these people, the diet usually contains more than 
the remommended allowances of amino acids suggested by Rose, that is, the 
amounts that were multiplied by two to provide a ‘safety margin.” Pat- 
wardhan,’ from an examination of diets consumed in several different countries, 
has also concluded that where the calorie needs of a population are met and 
satisfied largely from cereals, the intakes of the different amino acids are rea- 
sonably satisfactory. However, as Patwardhan pointed out, one does not 
know whether amino acid needs are or are not significantly affected by dif- 
ferent patterns of diet. The foregoing does not apply to the child, whose diet, 
from weaning until he reaches school age, is very likely, especially at the be- 
ginning, to be deficient in protein, among other things. Nevertheless, taking 
into account, first, the level of intake of gross protein of the local Bantu and, 
second, the increasing evidence strongly suggesting that the protein require- 
ments of man are less than has been thought previously,*®* one’s impression is 
that the diet of the local adult Bantu is deficient neither in gross protein nor, 
presumably, amino acids. =! 

I now propose to comment on lactation, because it is believed by many 
to be promoted by or even dependent on a greatly increased protein intake, 
and on liver disease and gynecomastia, both of which are regarded by many 
as expressions of chronic protein malnutrition. 


Lactation 


To promote satisfactory lactation, dietary standard bodies recommend 
increased daily allowances of a number of nutrients, including, inter alia, 
25 gm. protein, of which one half should be of animal origin. The actual diet 
suggested for nursing mothers is well known—so much milk, meat, eggs, 
fruit, vegetables, and other such foods. The point to be emphasized here is 
that Bantu mothers do not get such a diet, yet they lactate very well, pro- 
ducing milk of satisfactory quantity and quality, and often for prolonged 
periods. Locally,® it is believed that there is parity in clinical state and rate 
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of growth between exclusively breast-fed Bantu and white infants up to six 
months; indeed, Welbourn,!’ also Kark (personal communication), maintain 
that for this period Bantu babies (among whom self-demand feeding is the rule) 
grow perhaps more rapidly than do white babies. Quantitatively (at least for 
the first six months) and qualitatively, therefore, Bantu breast milk must be 
regarded as satisfactory. Chemically, mean values for the main constituents 
in Bantu breast milk compare very favorably with those of white mothers 
milk. 2 Incidentally, Bantu breast milk has a higher mean protein con- 
centration, namely, 1.35 gm. per cent, than the figure of 1.06 gm. per cent given 
by Macy" for mothers’ milk in the United States and 1.19 gm. per cent given 
by Kon and Mawson" for the milk of mothers in Great Britain. Concerning 
the amino acid composition of the protein, determinations have been made 
only with regard to methionine and tryptophan; the mean concentrations 
of both have been found by us to be close to those reported for the milk of 
white mothers.'® 

It is only fair to point out that among African populations elsewhere, whose 
diet is lacking in several respects, lactation proceeds less satisfactorily." 
Nevertheless, it should be emphasized that there are many instances where a 
measure of breast feeding, occasionally to a surprising degree, has been carried 
out despite consumption of a poor diet; as, for example, during World War IT, 
at Leningrad during the siege, in starving Holland in 1944, in the Japanese 
Prisoner of War camps, and even at Belsen Concentration Camp in Ger- 
many.!) 2 

In view of this excellent performance by the Bantu mother, how is she her- 
self affected? First, in regard to the magnitude of the drain sustained by 
her: during a six-months period she yields about 16 kg. (35 lb.) of total solids. 
Her own body contains about 18 kg. (40 lb.) total solids. On this particular 
basis, therefore, during the period mentioned, she gives almost the equivalent 
of herself in gross nutrients. If she does not eat enough to compensate for 
this drain, she must lose weight, unless the percentage composition of her 
body alters. However, she does not seem to lose weight; indeed, our own 
information suggests that the weight-for-height ratio of such women is pos- 
sibly greater than that of white lactating women; in veterinary parlance, 
the successful lactation described is not, therefore, a case of “milking the flesh 
off the cow’s back.” Therefore, there can be no doubt that, broadly speaking, 
the lactating Bantu mother obtains her gross needs of nutrients. 

But what of disease—eclampsia, for example? Evidence indicates that 
Bantu women suffer less than white from this condition. Hipsley” considers 
that a broad correlation obtains between crude fiber intake and eclampsia— 
the greater the fiber intake, the less the incidence of eclampsia. The Bantu 
diet is certainly high in crude fiber. 

Other comparisons have been made. In Johannesburg, in 1941, Heyns,'8 
assisted by Shippel, compared 5059 white women with 1433 Bantu women. 
These Investigators reported that the behavior of the Bantu mothers was 
superior in all respects. Of the Bantu mothers, 0.56 per cent required operative 
delivery, as against 5.24 per cent among the white mothers. The maternal 
mortality of the former was lower. The incidence of stillbirth in the Bantu 
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was 3.5 per cent, a figure less than the corresponding figure of 4.2 per cent 
for Scotland'® for the same year. The performance of the Bantu mothers is 
enhanced in view of the finding recorded by Heyns and Shippel that the 
Bantu baby, despite a slightly lower weight at birth has a head as big as 
that of a white baby, yet the pelvic aperture in the Bantu averages about 
10 per cent less in area than that of white mothers. 

To return to the subject of diet and lactation: one cannot help wondering 
whether the “‘vulnerability” of pregnant and lactating women, particularly the 
former, is perhaps being overstressed. A century ago, among Western popu- 
lations, large families were usual. I think that it was the demographer Alfred 
J. Lotka who stated that in the United States, less than a century ago, families 
including about eight children were almost the rule. In Britain, Sir Walter 
Scott was a ninth child, Samuel Taylor Coleridge a tenth, John Wesley a 
fifteenth, and Charles Wesley an eighteenth. Were the nutritional disabilities 
attached to repeated childbearing and lactation so manifest, relevant informa- 
tion would surely have appeared in contemporary literature or been handed 
down tous. Admittedly there is much more that one would like to know about 
the nutrition, biochemistry, physiology, and other aspects of the long-lactating 
Bantu woman. On the other hand, in spite of this lack of knowledge, two 
inferences would seem unchallengeable: (1) provided there is a sufficiency of 
primarily cereal calories, excellent lactation is feasible for prolonged periods; 
and (2) the failure of the huge proportion of white mothers to lactate satis- 
factorily can scarcely be ascribed to an inadequate diet. In other words, the 
role of dietary, as against nondietary factors in human lactation, is overem- 
phasized. 


Liver Dysfunction and Disease 


In the tropics and semitropics, liver dysfunction and disease are very com- 
mon among the indigenous populations, and such conditions often are attrib- 
uted, directly or indirectly, to a low protein intake, or to single or multiple 
deficiencies of amino acids.2°:?!_ One looks askance at this widely accepted 
etiology because liver disease is common among the Bantu, yet, as stated 
previously, their diet is characterized neither bya low protein intake nor specific 
amino acid deficiencies. 

Liver dysfunction, insofar as it is reflected by the distribution of the plasma 
protein fractions and the various precipitation tests on serum, is common 
in the South African Bantu, being present in more than two thirds of adults 
examined. Apparently the condition is not improved by the consumption 
of an adequate diet for protracted periods.” Such dysfunction is not accom- 
panied by specific pathology. Concerning liver disease, in a paper by Hig- 
ginson, Grobbelaar, and myself* three types of lesions are described: (1) 
the fatty liver of kwashiorkor, rarely followed by fibrosis and necrosis; (2) 
a fine symptomless portal fibrosis, most frequently seen in the second half 
of life and usually associated with heavy hemosiderin deposition; and (3) 
a severe cirrhosis, most frequently of postnecrotic origin and showing no specific 
age trend. More than half of the livers in this third group develop primary 
malignant change. Briefly, the view is taken that in infancy liver damage is 
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widespread and that, although this damage is not usually recognizable eae 
ically, it is demonstrable by biochemical tests and is undoubtedly cause 
primarily by malnutrition. Such damage is believed to predispose the liver to 
the action of factors that precipitate liver disease in adult life. For the local 
Bantu, it seems probable that such factors include abnormal iron deposition 
(siderosis), hepatotoxic viruses and, possibly, toxic drugs. There appears 
to be no adequate evidence that the nutritional factors that so readily induce 
hepatic damage in small animals (diets, ier alia, low in protein) are re- 
sponsible for the liver lesions noted in Bantu older children and adults 


Gynecomastia 


This abnormality, enlargement of the male breast, like liver disease, is 
believed or suspected by many to be an expression, directly or indirectly, of 
chronic protein malnutrition.7!:**:?° Certainly, gynecomastia 1s common 
among the Bantu of Southern Africa but, for the reason previously cited, one 
is not happy over the suggested etiology. 

In Johannesburg, at Baragwanath Non-European Hospital (1500 beds), 
Higginson and Simpson are investigating the incidence of the condition in a 
series of consecutive post-mortems. Thus far, among 200 adults, they have 
found a discrete mass exceeding 2 cm. depth in 2 per cent of subjects. 
At the Witwatersrand Native Labour Association Hospital, also in Johan- 
nesburg, about 1000 young Bantu workers (18 to 40 years) from various 
regions in Central and Southern Africa pass through weekly for medical exami- 
nation prior to service on the Gold Mines. The incidence of slight or moderate 
gynecomastia among them is not known, but observations indicate that an 
average of about one subject per week (0.1 per cent) is known to suffer from 
very marked gynecomastia, that is, having breasts of about 10 to 15 cm. 
diameter. Such breasts are indistinguishable in appearance and_ texture 
from those of young nulliparous women. Since gynecomastia of this type 
and severity does not appear to have been previously reported, our findings 
will be described in some detail. 

Twenty-one subjects have now been studied by my colleagues and myself. 
All subjects appeared in good nutritional condition: no evidence of previous 
dietary privation could be elicited. There was no bias regarding region of 
origin; that is, gynecomastia did not appear to occur preferentially in subjects 
from countries in Central Africa, where the nutritional situation is less favorable 
than in South Africa. Evidence indicated that the gynecomastia developed 
usually at the time of or within a few years after puberty. Some subjects 
had been affected for as long as ten years. The enlargement was usually 
bilateral, nontender, and there was no exudate. These features are in contrast 
to those observed in the gynecomastia reported to occur occasionally during 
recovery from malnutrition and undernutrition, for example, among United 
States servicemen rehabilitated from Japanese P.O. W. camps. Among such 
affected persons, Klatskin and his co-workers?® found the mass to be small 
(1 to 2 cm. diameter) and tender, and sometimes it was possible to express 
fluid. Two features have been noted about a proportion of the Bantu sub- 
jects thus far examined which, provided one is able to establish them satis- 
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factorily, would seem of considerable importance. First, about a third of 
the subjects maintained that the condition was present in their fathers and 
occasionally in their brothers, thus introducing a possible familial factor into 
the etiology. Second, almost all subjects asserted that they were not apathetic 
regarding their sexual desires, and about a third maintained that they were 
fathers of children. According to current concepts in endocrinology, such 
behavior would not be expected. Those who have carried out investigational 
work among nonwhite people will appreciate the difficulties attached to vali- 
dating these two findings, particularly the second. 

Regarding other features, the hair in axillae and pubes appeared masculine 
in distribution. Apart from the enlarged breasts, the body configuration 
was likewise masculine in character. In three quarters of the cases, the span 
exceeded the height by 4 to 8 cm. In all cases except one the genitals appeared 
normal. The exception had undescended testes. In all subjects, including 
the last, the voice had broken. About a third had slight enlargement of the 
liver; but this feature is not believed to have etiological significance, bearing 
in mind the equal incidence of hepatomegaly in Africans without gynecomastia. 
According to the study of Higginson and Simpson already referred to, no 
correlation is apparent between the presence of gynecomastia and of liver 
disease (fibrosis, cirrhosis, carcinoma). Furthermore, it may be of interest 
to add that Higginson and Oettle?’ have found carcinoma of the male breast 
to be less common among Bantu males than among white males. 

Turning now to the biochemical side: briefly, data on serum protein fractions 
and the various precipitation tests reveal no greater abnormality in subjects 
affected with gynecomastia than in subjects without the disease. Incidentally, 
no evidence of liver impairment was found by Klatskin and his co-workers”® 
on United States prisoners of war with gynecomastia. A small number of 
tests for ketosteroids, hydroxysteroids, and ketogenic steroids have shown 
values lying within normal limits. A limited number of determinations of 
total urinary estrogens and of component fractions, estradiol, estriol, and 
estrone, have been made locally by Bloomberg, Higginson, and Keeley (private 
communication). Thus far, the endocrine picture emerging is nonspecific, 
that is, the picture in gynecomastia subjects does not differ substantially from 
that in nongynecomastia subjects. Biochemically, therefore, nothing specific 
has come to light at least insofar as present studies have revealed. 

Regarding the etiology, it will be clear already that the type of gynecomastia 
seen in the Bantu of Southern Africa, as an entity differs in several respects 
from the gynecomastia sometimes noted during rehabilitation from mal- 
nutrition and undernutrition. The common view that gynecomastia in the 
African is an expression of habitual protein malnutrition cannot be accepted 
as established, at least insofar as the local Bantu are concerned. Likewise 
the view that hepatic disease in these people impairs the normal inactivation of 
hormones produced by the adrenals and gonads still remains a suggestion. 
This scepticism does not imply, of course, that the liver is not involved : it 
merely questions the modus operandi suggested. One prefers to consider that 
injury to the liver and, possibly, to other organs sustained by African infants 
at weaning time and thereafter may provide a substrate suitable for the 
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development of gynecomastia in later life, such development not being pre- 
vented by adequacy of habitual protein intake. The nature of the precipitat- 
ing factors is not known, although B. J. P. Becker, here at the Institute, has 
suggested that the estrogenic and other properties of the numerous herbal 
and other pharmacological preparations used by these people merit serious 1n- 
vestigation. 

It must be re-emphasized that, in making these and previous comments, 
adults and perhaps older children are in mind, and not the very young. Indeed, 
it will be appreciated that if only there were a more satisfactory food intake 
at weaning time and immediately thereafter, there might well be a lower 
incidence of liver disease and of other diseases later in life. However, the mere 
provision of milk or milk-substitute foods at weaning time will be insufficient, 
what will also be required is education in preparing these foods for consump- 
tion. In Johannesburg we have found that even when nourishing infant foods 
are purchased, they are almost invariably made up in far too dilute a form 
by Bantu mothers.” 


Fai 


The fat intake of the South African Bantu is low; a rough average of about 
40 gm. per diem is consumed, providing about 15 per cent of the total cal- 
ories.'? More than half of the fat is ‘‘hidden,’’ being contained in the 
lightly milled maize products, also in legumes. I refer to three aspects of 
the fat metabolism picture of these people: (1) the low serum cholesterol 
levels and the low incidence of severe atherosclerosis; (2) the elevated serum 
cholesterol levels that are a feature of obese Bantu women; and (3) the high 
excretion of fecal fat on the “‘high residue” diet of these people. 

Low fat intake, serum cholesterol concentration, and atherosclerosis. No 
significant difference has been found in mean cholesterol levels of newborn 
Bantu and white infants.’ In later life, however, serum cholesterol levels 
of the Bantu are lower, and the age trend of increase slight in comparison to 
corresponding data on white subjects.*® Collaborative current studies show 
that beta lipoprotein cholesterol concentrations are low, as are also the ul- 
tracentrifuge flotation values. Investigation has revealed that severe ath- 
erosclerosis in the aorta and in coronary vessels is rare, and that the death 
rate from coronary heart disease among adult Bantu hospital populations 
in Johannesburg is about a tenth of that in corresponding United States and 
Danish hospital populations.’' A comprehensive study of the chemical 
composition of total aorta from Bantu and white subjects, in age groups from 
20 to 80+ years, has confirmed the far lesser degree of quantitative ather- 
omatous change in the Bantu. The difference in death rates from coronary 
heart disease in the two racial groups is much greater than the difference 
in extent of atheroma. In other words, some Bantu do get moderately severe 
atherosclerosis, yet such lesions, for reasons not yet clear, very seldom lead to 
occlusion. Incidentally, evidence suggests that among the local Bantu 
there 1s No sex bias either of vascular lesions or of death rates from coronary 
heart disease.** : 


It has been pointed out elsewhere*: *° that the low fat intake of the Bantu 
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is but one characteristic of their diet, just as a low incidence of the more 
serious complications of severe atherosclerosis is but one feature of their 
disease pattern. It would therefore seem unwise to draw categorical con- 
clusions as to the extent of the relationship involved: it is better at present 
simply to recognize that the Bantu, living on a diet that is, infer alia, low in 
fat, very seldom die from coronary disease. 

However, I now mention a nondietary factor (this, I am afraid, is not a 
biochemical matter) of possible etiological importance. In a recent paper 
Mann, Nichol, and Stare,** in commenting on the low values found for beta 
lipoprotein and cholesterol levels in the sera of Nigerians, suggest that a large 
muscle mass or a large muscle expenditure may well be the effective agent, 
and that this, and not the diet, is the important element in preventing hy- 
perlipemia and perhaps atherosclerosis. In the South African Bantu, the 
existence of a large muscle mass—large, that is, as compared with that in the 
white population—would seem questionable both from anthropometrical 
and from post-mortem observations. A large muscle expenditure among 
these people, with the possible exception of Bantu mine workers and a few 
other groups, is hardly in accord with everyday observations. Obviously, 
this statement does not mean that these people are lazy, but rather that 
excessive activity is not characteristic of the Bantu, who, in the past, were 
primarily a pastoral population. However, there is one feature that might 
be relevant to the conception of Mann and his colleagues, and that concerns 
the inexplicably high degree of motor fitness. Thus, using the Harvard step 
test on groups of somewhat poorly nourished Bantu school children, le Riche 
et al.*7 found that 50 per cent were in excellent or superior physical condition, 
in contrast to about 5 per cent of 600 children in a private school in the United 
States similarly rated, as quoted by le Riche ef al. Similar observations, 
including other additional! tests, have been reported by Morrison ef al.** on 
Bantu mine workers. More recently, Kloppers and his co-workers, in an 
unpublished study, compared adult Bantu with corresponding white long- 
term prisoners on step test performance and found the Bantu to be virtually 
inexhaustible. A further study of great interest in this regard is that of 
Gopalan and Ramanathan.** These workers compared fat intake, serum 
cholesterol levels, exercise, and incidence of coronary heart disease among 
groups of Indian adults, namely, officers and other ranks of the Indian De- 
fence Force. The fat intake, about 90 to 120 mg. per diem, of the officers was 
composed of hydrogenated vegetable fat and animal fat (2:1); of the other 
ranks, chiefly sesame oil (40 per cent linoleic acid). In the former group, 
cholesterol levels rose from 154 mg. per cent (20 to 29 years) to 201 mg. per 
cent (40 to 49 years); in the other ranks there was no rise, the mean value 
being about 145 mg. per cent. The latter group, in contrast to the former, 
was accustomed to habitual strenuous physical exertion. The incidence of 
coronary artery disease among the officer class was 23 times that among the 
other ranks. It might be added that the level of physical fitness of United 
States recruits in World War II was very disappointing.*® There can be little 
doubt that activity and physical fitness are implicated in the etiology of the 
disease under discussion, although to what extent the feature described has a 
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bearing on the relative freedom of the Bantu and other similar populations 
from atherosclerosis awaits investigation. 

Elevated serum cholesterol concentrations in obese Bantu women. As already 
stated, the diet of the Bantu seldom is deficient in energy value, cases of severe 
undernutrition being very rarely encountered. In this section, the point of 
interest that I wish to emphasize is that, whereas obesity is almost nonexistent 
in Bantu males, it is very common in Bantu young women, who, moreover, 
have significantly elevated serum cholesterol values; the causes of both are 
unknown. Thus, among 50 nonpregnant, nonlactating Bantu women, 20 to 
30 years old, all 20 per cent or more overweight when judged by Western 
tables, the mean serum cholesterol value was 224 mg. per cent. This value 
is much higher than the figure of 175 mg. per cent found for a like number of 
nonpregnant, nonlactating, nonobese Bantu women of the same age group. 
The foregoing would seem to be an accentuated example of the tendency to 
obesity and slightly raised serum cholesterol values noted by Keys ef al.*° 
among the women of the poorer groups investigated in Madrid, Spain. In 
the case of the Bantu obese women, according to unpublished observations 
by Higginson, post-mortem examination of the blood vessels does not reveal 
atheromatous lesions any greater in frequency or extent than those present 
in nonobese Bantu women. Here, then, is a problem of interest, a portion of 
Bantu women who develop obesity and significantly elevated serum cholesterol 
levels; the latter feature, however, is not indicative of increased atheroscle- 
rosis. 

High excretions of fecal fat on a ‘‘high residue’ diet. According to observa- 
tions on Bantu and white subjects I made some time ago, on a diet containing 
a modicum of white bread the amount of dry feces accruing per diem is about 
20 to 25 gm. When brown bread is substituted for white, the figure rises to 
about 30 to 35 gm. When the amount of brown bread eaten is increased to 
about 1 lb. per diem, the yield of dry feces increases to about 40 to 50 gm. 
With a higher consumption of coarse cereal products, such as quite commonly 
occurs with Bantu, at least in rural areas, the figure occasionally exceeds 100 
gm. dry feces per diem. Enormous stools of this type were also noted by 
McCance and Widdowson" in their Experimental Study of Rationing, when 
their brown bread consumption was about 3 lb. per diem, and were also reported 
in later studies by these workers when using other high cereal diets.2: Ac- 
companying this huge increase in stool weight, the time of passage of material 
through the digestive tract may be reduced to a third of that obtaining on a 
white bread dietary. Taken together, the changes described, seemingly 
inherent in altering a diet from one of a “low” to one of very “high residue,” 
may entail as much as a fifteenfold increase in rapidity per unit volume of 
fecal material traversing the bowel. The relevant changes in intestinal micro- 
flora, in biochemistry and metabolism, and various other ramifications appear 
to have evoked very little interest in this particular field of nutritional science. 
The special feature to which T draw attention is the excessively high excretion 
of fecal fat voided under these circumstances. In certain studies of McCance 
and his co-workers”: “involving the feeding of very high cereal diets to humans, 
the amounts of fat voided reached 22 gm. per diem, giving an apparent ab- 
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sorption of 54 per cent on the high wheat diet, and 68 per cent on the high 
oats diet. In two Bantu prisoners whom I observed for 21 days and who 
were ingesting about 26 gm. fat, the fecal fat voided was found to average 
about 13 gm. per diem, giving an apparent absorption figure of 50 per cent.“! 
In the everyday diet of white populations, a percentage fat absorption figure 
less than 90 per cent usually is regarded as pathological. Yet the phenomenon 
described cannot be regarded as of pathological significance, for the extraor- 
dinary high excretions of fecal fat are surely the normal response evoked 
in normal people by the consumption of a diet very high in whole grain or 
lightly milled cereal products. McCance et al.-* incline to the view that 
much of such fecal fat is composed of undigested fat. Elsewhere,!® I have 
suggested that most of such fecal fat is of endogenous origin. I believe that 
the phenomenon parallels the considerably increased amount of fecal nitrogen 
voided on “‘high residue” diets, such nitrogen, as McCance et al.*?: 43: 46 main- 
tain, being mainly, if not entirely, of metabolic origin and not merely un- 
digested protein nitrogen. Urbanized Bantu, substituting much maize by 
white bread, do no/ void such large amounts of fecal fat. The precise bearing 
of habitually large amounts of fat in the stools on the total body lipid picture 
is not known. Nor is it known whether the phenomenon described has any 
bearing on the tardy development of atherosclerosis in these people. 


Calcium 


It is widely believed that calcium absorption and bone calcification in man 
are controlled by the available radiation, by the amounts of vitamin D, calcium, 
and phytate phosphorus ingested, and by the calcium-phosphorus ratio. 
As already indicated, the high cereal diet of the Bantu is low in ingested vitamin 
D; with many local population groups the intake is virtually nil. The diet 
is also low in calcium—the average intake being about 250 to 400 mg. per 
diem—and has a very adverse calcium-phosphorus ratio. It is certainly 
high in phytate phosphorus, the intake varying (dependent on the extraction 
rate of the cereal) but ranging roughly from 1000 to 1500 mg. per diem. 
Therefore, according to current views the diet of these people, is poor in calcify- 
ing capacity. Certainly, there is plenty of sunlight, an average of 8 hours 
per diem in the Transvaal; but some authorities, such as Hess,” consider that a 
pigmented skin prejudices the production of vitamin D from radiation. 

With this background, one would surely expect the stigmata of calcium de- 
ficiency to be apparent among these people. In fact, in no respect do the 
South African Bantu appear to be suffering specifically on account of their 
usual low intake of calcium. 

The skeleton contains 99.5 per cent of the total body calcium. In my 
laboratory, studies on fifth ribs from Bantu and white subjects have revealed 
no significant difference between mean percentage composition values for 
infants and for adults.*® Determinations of bone density of vertebral bodies 
(mineral matter per unit volume) have revealed, as with bone composition, 
a wider range of values than is usually thought to exist, but no significant 
difference between mean data for both races.” Furthermore, samples of 
vertebral body with marrow removed by refluxing with aqueous ethylene 
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diamine, when observed under the dissecting microscope with regard to mesh, 
regularity, and trabeculae, showed slight, although not invariable differences 
between bodies from both races. No bone examined could be regarded as 
atrophic, and all observations were in harmony with respective mineral density 
data. ; : 

Osteoporosis is not a feature of South African Bantu children or adults. 

Concerning fractures, medical officers at hospitals attached to the Gold 
Mines (which employ about one third of one million short-term Bantu laborers) 
aver that the Bantu are not more liable to fracture their limbs than are white 
men under the same stress. These observers also maintain that, accompany- 
ing the more rapid callus formation in these people, a Bantu with a fractured 
leg, when it is healed, can stand on it much earlier than a white person with 
the same type of injury. These beliefs are only impressions, of course, but 
they do suggest that the Bantu skeleton, even if it contains, on a height basis, 
less total calcium compared to that of the white man, is not more vulnerable 
to physical stress or trauma. 

Regarding clinical rickets, this disease is common in crowded urban areas 
in South Africa, just as it is under corresponding conditions at Ibadan in 
Nigeria,°® Calcutta and Bombay in India,*' and elsewhere. But the disease 
is often observed in breast-fed babies ingesting adequate calcium. Moreover, 
once the urban Bantu child has freedom of movement and need not be kept 
largely indoors (that is, after about two years of age), rickets is not seen—at a 
time when the calcium intake of the child is at its lowest throughout life.** In 
rural areas, however, where much less clothing is worn and where there is no 
overcrowding, obvious clinical rickets is seldom seen, although the character 
of the diet, at least in regard to ingested calcium and vitamin D, is much the 
same in both urban and rural areas.** This rarity of severe rickets observed 
when advantage is taken of available radiation is in agreement with reports 
from other observers in rural areas; indeed, certain pediatricians of repute 
almost deny having seen a case of obvious rickets in rural areas in the tropics 
and semitropics.*: *> No case of osteomalacia has been reported in a Bantu 
woman, pregnant or nonpregnant. 

Generally speaking, the teeth of the Bantu, particularly the rural Bantu, 
are good. In one recent study carried out on children, about 90 per cent were 
found virtually free from caries; the reverse ratio is believed to obtain with 
local white children.*> On the other hand, urbanization, with attendant 
changes in food habits (increased consumption of such foods as white bread 
and sugar) shows a deteriorating situation, thereby conforming to a pattern 
of experience common throughout the world. 

Reasons have been given elsewhere for considering that the relationship 
between calcium intake and the rate of attainment of height or of ultimate 
height at maturity, is not proved.*” In any case, studies by Kark and le 
Riche® indicate that the heights of Bantu children compare favorably with 
those of prewar Central School children of the same age group in Great Britain. 
Moreover, Bantu mine workers, on an average, are only an inch or so shorter 
than were British and American recruits in World War II.” 

Serum calcium values,** speaking generally, are about 10 per cent less in 
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the Bantu than in white population groups. Examination of the information 
on this subject suggests that such values merely reflect a low habitual intake 
of the element, and are not indicative of low calcium stores. 

Perhaps the key to the picture is afforded by the results of calcium balance 
observations carried out on Bantu prisoners consuming their high cereal, 
low calcium diet. I found percentage absorptions (apparent absorptions) 
to be higher and urinary excretions of calcium lower, than among white people 
on a much higher calcium intake. The combination of these two processes 
permits calcium equilibrium to be attained despite the low calcium intakes 
ingested. Other comparable studies demonstrating satisfactory adaptation 
to low calcium intakes have been enumerated and discussed by Mitchell. 
In addition, there is the more recent study of Hegsted ef al.®! 

The question of the “‘vulnerable” pregnant and lactating woman comes to 
the fore again. Prior to conception, body calcium of women may be regarded 
as approximating, roughly, 800 to 900 gm. The calcium content of the new- 
born infant is about 25 to 30 gm. _ The loss of calcium sustained by the mother 
when lactating for 6 months is about 35 to 40 gm., making a total loss of 
calcium of about 60 to 70 gm., that is, about 7 to 8 per cent of calcium reserves. 
The actual percentage loss, of course, is much smaller, bearing in mind that 
throughout the pregnancy and lactation period the mother is certainly absorb- 
ing some calcium from her diet. Now, a lactating cow can lose as much as 
20 per cent of its total supply of calcium without giving rise to deleterious 
effects or without seriously interfering with milk production.” Therefore, 
on the basis of the information given, the loss of calcium sustained in preg- 
nancy and thereafter cannot be regarded as of serious importance. The 
additional allowances of calcium usually recommended during pregnancy and 
lactation perhaps can be regarded as an insurance policy, although the precise 
risks involved are not altogether clear. 

These data strongly indicate that the South African Bantu do not suffer 
specifically on account of their low calcium intake. Furthermore, the informa- 
tion given, by implication casts doubt on the importance still attached to the 
alleged deleterious effects of phytate-phosphorus and adverse calcium-phos- 
phorus ratio in human nutrition. The clinical and pathological importance 
of both these factors, particularly the former, is open to considerable doubt.” 

It may well be argued: it is conceded that what has been suggested may be 
valid for tropical and semitropical populations, but what of populations less 
favored by radiation? With regard to rickets, this argument may be met by 
citing the studies of Findley and Ferguson™ on children in Glasgow, Scotland, 
and of Rustung® on children in Norway, where the chief controlling factor 
was found to be, not the diet consumed, but the regularity with which the 
child was taken outdoors. Reasons for doubting whether a low calcium intake 
has any serious relevance to the development of rickets in humans have al- 
ready been expressed.*° 

Signs of a more realistic approach to the whole subject of calcium require- 
ments and calcium deficiency stigmata are given by McLester and Darby,” 
also Goldsmith,® who refer to the lack of methods that permit detection of 
potential degrees of calcium deficiency: an observation difficult to harmonize 
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with the view often expressed in the past that calcium lack is a widely prev- 
alent condition in the United States. More recently, Hegsted ef al. boldly 
averred that calcium deficiency does not occur in adult men. I go still further 
and raise the question: What is the evidence for any syndrome in man shown 
to arise specifically from calcium deficiency? Conversely, what syndrome 
in man has been shown to be remedied by calcium supplementation only? 
Surely, to recommend luxus allowances of a dietary constituent to protect 
- gainst unspecified stigmata is a highly questionable procedure. 


Tron 


the Bantu of South Africa are characterized by an extremely high iron 
i take, often ten times or more the allowances of iron usually recommended. 

population whose major source of calories is lightly milled cereal products 
| ormally ingests iron in excess of the recommended allowances. In published 
sirveys on the local Bantu, calculated mean daily intakes range from 18 to 
o7 mg.3 These people, however, derive additional amounts of iron from 
{ vo extraneous sources: (1) dust and other such substances, and (2) iron 
derived from the utensils in which they prepare their food. The contribution 
from the first of these sources is highly variable, depending on the degree of 
care exercised in food storage, but it may reach one third of the calculated 
intake. The amount of adventitious iron derived from the second source 
is far more considerable, the principle of the phenomenon itself having been 
referred to in papers published by various overseas workers. The chief 
utensil used by the Bantu is the heavy iron tripod ‘‘kaffir pot” (3-1. capacity, 
weight 4.5 kg.; 10-l., 13 kg.). Such vessels are to be found in almost every 
kraal in Southern Africa, over one million being sold annually. Iron kerosene 
cans (18 |., 4 gal.) are also used, especially in urbanareas. Moreover, in large- 
scale cooking for Bantu workers (by industrial undertakings, for example), 
large iron vessels (100-I. capacity) are also employed. In the cooking of 
whole maize, maize and “‘kaffir corn’’ porridges, beans, vegetables, stew and 
greens, experimental observations, also determinations in such foodstuffs 
cooked by the Bantu themselves, reveal an uptake of iron as great as that 
contained in the parent foodstuffs.”” Traditional foods of the Bantu, as noted 
earlier in this paper, include fermented cereal preparations. These food- 
stuffs, of pH 2 to 3, naturally take up much iron (as much as 10 times that in 
the raw food) from the preparation vessels. Briefly, our determinations have 
shown that the iron intake of the South African Bantu often exceeds 100 mg. 
per diem and, occasionally, reaches and even exceeds 200 mg. per diem.” It 
cannot be too strongly emphasized that it is iron vessels plus the particular 
diet of the Bantu that permit the ingestion of this excessively high iron intake; 
iron pots used in the dietary context of most Western populations will mo/ 
give rise to a very high iron intake. Most of the adventitious iron is inorganic 
in character, and therefore readily available for absorption. What is the effect 
of such high iron intakes, which approximate the involuntary ingestion of 
several Blaud’s pills daily? 

Nearly two generations ago German workers such as Queckenstadt” had 
the impression that, with iron intakes much greater than those present in 
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everyday diets, excessive iron was retained, even by subjects not in need of 
iron. This impression received substantial confirmation from iron balance 
experiments carried out many years later and, despite the sources of error 
latent in such studies, they show unequivocally that an abnormally high iron 
intake is almost invariably accompanied by excessive absorption.7276 Less 
than 10 years ago, Dubach ef al.77 studied the absorption of radioiron by 10 
normal subjects, total iron intakes being maintained at about 60 to 70 mg. 
per diem. The data given suggest that 9 of the 10 subjects absorbed a por- 
tion of iron that was not utilized in hemoglobin formation, this portion averag- 
ing 7 per cent of the iron intake. Unrequired iron was therefore “packed” 
into the body at the level of iron intake used. Now the only serious avenue 
of iron loss from the body is by hemorrhage. Briefly then, with iron intakes 
habitually high, as with the Bantu of Southern Africa, it would seem inevitable 
that occasional abnormal absorption and retention results, with intermittent 
deposition and slow accumulation or “overload” of the element occurring in 
the body. 

Abnormal iron deposition or siderosis, is certainly widespread in 
the Bantu.**° In Johannesburg, about two thirds of adults over 40 years 
examined at necropsy are affected; in Durban, according to Wainwright,*! the 
figure is higher. The deposition in spleen, liver, and vertebral body marrow 
can and often does reach several grams per cent. The extent of the siderosis 
does not appear to be related to the cause of death, the condition appearing 
to be equally common in persons dying in hospital or from trauma.®® In 
distribution, the spleen is most affected, then the liver; smaller concentrations 
are found in the kidney, but only traces in the pancreas, thyroid, heart, and 
blood vessels (aorta). The distribution thus differs very markedly from that 
in idiopathic hemochromatosis, particularly in relation to the pancreas, which, 
in hemochromatosis, is the organ suffering the greatest increase in iron con- 
centration, that is, a mean of 100 times more than normal.” Furthermore, 
diabetes is very uncommon in Bantu siderosis (this is not the case in hemo- 
chromatosis) and, although cirrhosis is present in one quarter of severely 
siderotic livers, the association is far from being invariable.”?'*° 

As would be expected, the high iron intake and the siderosis influence certain 
blood values. There is now a good deal of data, some published, ** ** more 
unpublished, indicating that iron deficiency anemia among these people is 
less common than among any other nonwhite population upon which data 
have been reported. This relationship is understandable, since Rath and 
Finch®* have shown that body iron excess cannot co-exist with iron deficiency 
anemia. In this respect, Higginson,** at Baragwanath Non-European Hospital, 
Johannesburg, in a series of 1500 post-mortems and 500 liver biopsies extend- 
ing over the last 7 years, has noted only one instance In which siderosis was 
present in a patient suffering from hypochromic anemia, but whose response 
to iron unfortunately was not known. Information obtained from this hospi- 
tal, also from the chief non-European hospital in Durban, both relating to 
studies still in progress, indicates that incidences of primary iron deficiency 
anemia in Bantu adults are less than 0.2 per cent of admissions. This very 
low incidence stands out in startling contrast to a recent study on hospital 
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patients reported from India, * in which 63 per cent had a hemoglobin level 
of less than 6 gm. per cent, and 92 per cent a MCHC less than SZ per cent. 
Indeed, iron deficiency anemia would seem to be less common in hospitalized 
Bantu men and women than in numerous nonhospitalized groups of white 
subjects; for example, in a recent study on 4421 British Royal Air Force 
recruits,*® anemia, chiefly of the iron deficiency type (93 per cent), was present 
in 1.2 per cent of subjects (criteria, Hb. < 12 gm. per cent, MCHC < 230) 

Concerning the effect on another component, namely on serum iron, values 
are frequently elevated in both hospital and nonhospitalized Bantu populations, 
values occasionally exceeding those reported in hemochromatosis and trans- 
fusional siderosis.** There are, however, a number of anomalies in the serum 
iron picture of these people that require elucidation. In one collaborative 
study,*® serum iron has been determined in adult subjects who have had liver 
biopsy undertaken for diagnostic purposes; we have found that excessive 
hemosiderin, when present in the biopsy sample, was associated with elevated 
serum iron. The actual level of the latter, however, did not correlate satis- 
factorily with the intensity of the siderosis. Further work on this problem is 
proceeding. 

The primary cause of the siderosis, one has no doubt, is the habitually high 
iron intake. The incidence, age and sex affected, the morbid anatomical 
distribution of the element, and other characteristics are such as might be 
predicted to arise from habitual iron ‘‘overload.”” Obviously, the abnormal 
deposition in individuals is highly variable. Not only are there well-known 
individual differences in biological response, but differences obtain in regard 
to food preparation, dietary habits, and consumption levels; there are also 
such factors as blood destruction in malaria and slight hematuria in bilharziasis. 
Whether the particular pattern of the Bantu diet or malnutrition or under- 
nutrition play any significant role is not yet known. 

Finally, concerning the pathogenicity of siderosis, in experimentally induced 
siderosis in animals the production of pathological sequelae would seem to 
be almost uniformly negative (data summarized by Higginson et al.8°). At the 
beginning of the century, authoritative physicians, such as Osler’* were em- 
phatic that the fact that prolonged iron therapy (extending sometimes for 
years) was not attended by ill effects. While that may well be valid for white 
populations, it would seem unjustifiable to assume that the siderosis in the 
Bantu likewise is innocuous. A liver damaged at weaning time conceivably 
1s more sensitive to insults than one not similarly injured. Earlier in this 
paper, attention was drawn to the age trend correlation of siderosis and peri- 
portal hbrosis in Bantu adults. The extent of the information available on 
this association does not permit one to dogmatize, but whereas formerly one 
did not regard siderosis per se as pathological, now one is less sure, and much 
further work will be required to determine whether siderosis does or does not 


promote hepatic disease. 
Niacin 
Goldsmith and his co-workers* prepared wheat and maize (corn) diets 
Re 2 : ? ¥ . . 2 
containing equal, although relatively small, amounts of niacin and tryptophan, 
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4.7 and 190 mg. per diem, respectively; when fed to humans, only the maize 
diets produced pellagra. Among the South African Bantu, we have encoun- 
tered another type of abnormality imposed by a predominantly maize diet, 
whereby Bantu mothers on a high maize diet have a mean breast milk niacin 
concentration (70/u gm. per cent), about half that of Bantu mothers on a 
Europeanized diet (150/u gm.), both diets having an approximately equal 
niacin content." Whether the abnormality is due to the fact that a large 
proportion of the ingested niacin is “bound,” or to supression of intestinal 
biosynthesis of the vitamin, or to other causes, is not known. As far as we 
are aware, there are no stigmata attached to this diminished intake of niacin 
by Bantu babies; in any case, the usual two thirds cow’s-milk mixtures, which 
have been used successfully for many generations by white populations, con- 
tain Jess niacin than that found in the breast milk of Bantu mothers. A 
further point of interest is that, although Bantu mothers on a diet high in 
maize ingested only about half the amount of tryptophan present in the diet 
of Bantu mothers consuming a Europeanized diet, no significant difference 
was found in the mean tryptophan concentrations in the breast milk from 
both Bantu groups. 


Vitamin C 


Early pioneer work on vitamin C requirements was undertaken in Johannes- 
burg by Fox,** who drew attention to the very small amounts of the vitamin 
that could prevent scurvy in Bantu mine workers. Fox’s observations re- 
ceived confirmation from later comprehensive studies undertaken on white 
subjects.%: %* That scurvy certainly does occur among Bantu adults was 
adequately reported by Fox,” and two recent South African studies®®: °° have 
added to our information on the subject. But the remarkable finding to which 
one desires to call attention is the extreme rarity of infantile scurvy in Bantu 
infants (4 cases in Johannesburg non-European hospitals in 5 years) weaned 
onto cereal ‘“‘paps,”’ despite the fact that the amount of the vitamin ingested 
often is virtually nil. The inexplicable fact is that we have nevertheless 
found usually satisfactory levels of vitamin C in the plasma of such subjects;*” 
moreover, other local workers, for example Smit and Pretorius at Pretoria 
(personal communication) have noted appreciable amounts in the plasma of 
infants suffering from kwashiorkor. One is confident that large numbers of 
local Bantu infants receive less than one milligram of the vitamin per diem, 
yet their plasma levels are consistent with an ingestion of several milligrams 
per diem. It has accordingly been postulated that under the special condi- 
tions of “pap” intake by these Bantu babies, the possibility that there is an 
endogenous production of vitamin C cannot be excluded. Clearly the phenom- 
enon occurs only in specific dietary contexts; Singh,” for example, has reported 
the occurrence of severe scurvy in Indian infants fed heated cow’s milk. 


Comment 


Perhaps I should apologize for the fact that much of the information I have 
given refers to aspects other than those of diet and biochemistry as stated in 
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the title of this paper. However, if I had done otherwise, some of the lessons 
that I am hoping will be learned would have had reduced force. 

It will be apparent that one of the main points before me is to emphasize the 
caution required before considering whether a diet is deficient in certain re- 
spects simply because habitual intakes are much lower than the usual allow- 
ances recommended. Absence, or at least the apparent absence, of relevant 
clinical and pathological stigmata in people accustomed to “deficient”? in- 
takes cannot but point to the strong probability that the particular recom- 
mended intakes are too high. Calcium would seem to be an outstanding 
example in this field. But the situation regarding animal protein calls for 
re-examination, as do the needs of pregnancy and lactation. 

A further lesson to be learned concerns the biochemical picture (in blood, 
stools, urine, and breast milk) when it differs in Bantu and white subjects. 
The lesson, which local workers have thrust upon them, likewise concerns 
the caution needed before considering that this or that “‘abnormality”’ in the 
Bantu is pathological, when often the ‘‘abnormality” is the normal response in 
healthy persons elicited by the type of diet consumed. Lack of care in this 
respect would lead one to regard the enviably low blood lipid levels of these 
people as pathological, whereas precisely the reverse would seem to be the 
case. 

Perhaps the greatest need in this whole subject is to elucidate the extent of 
the relationship between pattern of diet consumed, of metabolism imposed, 
and of pathology accruing. In the South African Bantu, the context permits, 
among other things, of a high rate of mortality and morbidity in the very 
young, and of a high incidence of liver pathology in later life. On the other 
hand, however, the context permits, infer alia, of a low incidence of certain 
diseases that, when taken together, exact a high toll of mortality and mor- 
bidity from Western populations, notably appendicitis, peptic ulcer, diabetes, 
cholelithiasis, atherosclerosis, and certain types of cancer. Those of us who 
are privileged to work in South Africa (although feeling the drawbacks at- 
tached to isolation) consider that the best contribution we can make to medical 
science is to find out all we can about the diet, biochemistry, metabolism, and 
pathology of its people, in the hope that useful leads of etiological value ulti- 


mately may be found, especially in regard to the Western “killers,’’ heart 
disease and cancer. 
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CALORIES AND PROTEIN NUTRITION 


By James B. Allison 


Bureau of Biological Research, Rutgers University, New Brunswick, N. J. 


The primary importance of food energy to the maintenance and growth of 
the living system has long been recognized; in the early days of the develop- 
ment of the science of nutrition the major emphasis was centered upon calories. 
Data have been and still are being obtained to demonstrate that the energy 
content of the diet is a critical factor in controlling food intake and that, 
within physiological limits, animals tend to eat to satisfy energy require- 
ments.’ Consequently, caloric intake is a significant consideration in the 
study of every branch of nutrition, but a proper balance between energy and 
nitrogen metabolism is particularly important to the welfare of the individ- 
ual.*° 

The body draws upon protein reserves to correct any deficiency in calories 
in the metabolic pool for energy.!*!? Conversely, food energy conserves 
body nitrogen,"8 and there is evidence for an optimum level for caloric 
intake to keep an efficient balance between fat stores and lean body mass. 
These optima vary with the age and physiological state of the animal. For 
example, a weanling puppy requires approximately 200 cal. and 1 gm. of 
nitrogen/day/kg. of body weight for growth and maintenance. This require- 
ment drops to 0.5 gm. of nitrogen and 125 calories at 10 weeks of age, and 
then gradually declines to 0.2 gm. of nitrogen/day/kg. of body weight and 80 
calories/day/kg. for maintenance during adulthood.!® 


Caloric Intake and Nitrogen Excretion 


Much could be written to emphasize the importance of the effect of calories 
upon protein utilization, but to do this would be to repeat an excellent recent 
review of this subject by Munro.’* The following discussion is restricted 
instead to a consideration of a limited amount of data selected to illustrate 
some of the general interrelationships between energy intake and nitrogen 
retention in the body of the animal. The data plotted in riGuRE 1, for exam- 
ple, illustrate the increased excretion of nitrogen that is associated with a 
reduction in food energy in dogs fed a constant amount of casein nitrogen 
(3.82 gm./day/m.2 body surface area). Rosenthal and Allison’? demonstrated 
that the rise in urinary nitrogen excretion that accompanied a reduction in 
calories was the result of an increase in the excretion of urea. The line dotted 
through the points in FIGURE 1 is not intended to describe accurately the 
exact course of the relationship between calories and nitrogen excretion, but it 
does suggest the tendency to adapt to restriction within a limited range of 
caloric intakes. Maximum nitrogen retention may not be an ideal measure of 
the optimum number of calories, since the highest energy intakes with mini- 
mum excretion of urea nitrogen can produce obesity. A linear relationship 
between grams of glucose fed to rats and the nitrogen balance produced over a 
four-day period was presented by Thomson and Munro.” These results 
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also emphasize the influence of food energy upon the nitrogen content of the 
body of an animal. 


Caloric Intake and Body Composition 


The effect of varying food energy on the livers of rats feda constant casel 
nitrogen intake over a period of thirty-six days is illustrated in ee 
The energy intake was varied by altering the carbohydrate content of a low- 
fat diet. The series of white bars in the lower part of this figure record the 
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FicurE 1. Average urinary excretion of nitrogen in 3 dogs fed a constant casein nitrogen 
intake of 3.82 gm./day/m.2 body surface area, but different caloric intakes (data from Rosen- 
thal and Allison"). 


reduction in the weight of the liver, total protein, and lipid associated with 
restriction in calories. With protein in the diet, therefore, reduction in calories 
resulted in a smaller liver, but not in a relative change in composition as 
expressed in terms of protein and lipid content of the tissue. The heart, the 
kidney, and other organs of the body were also reduced in size and in total 
protein in these animals when they were fed a constant casein nitrogen intake, 
but reduced calories. These results can be interpreted to mean that, in the 
presence of adequate dietary protein, the rate of growth of these tissues is a 
function primarily of caloric intake, an interpretation that will be recalled 
later when data on rates of repletion of protein reserves in adults are considered. 
The series of bars with slanted lines in the upper part of FIGURE 2 illustrate 
corresponding values for liver weight, protein, and lipid in rats fed the protein- 
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free diet for thirty-six days. These data demonstrate that liver protein is 
reduced, but is essentially independent of the caloric intake in rats fed a pro- 
tein-free diet over this long period. The liver fat, however, increased with 
the caloric intake so that the ratio between fat and tissue protein was raised 
markedly by feeding a relatively high caloric intake. 


LIVER wgt. PROTEIN LIPID 


74543 18 74 43 18 Gs Grey IES} 
CALORIES/DAY/ RAT 


iti i i tant casein intake (250 mg 

URE 2. The composition of the liver in rats fed a cons f t 
= Naleaniy try Pies for a6 case but with different amounts of calories (the white bars), and 
in nas fed a protein-free diet with varied caloric intakes (the bars with slantcd lines) (data 


from Rosenthal and Allison*’). 


These data suggest that protein in the diet, even with markedly restricted 
caloric intake, may conserve some body nitrogen. Such a possibility is illus- 
trated by the data in FIGURE 3.” 


Caloric Intake and Nitrogen Retention 


The correlations between caloric intake and urinary nitrogen excretion and 
between caloric intake and nitrogen balance in dogs fed iriaaigsaien 
egg protein are recorded in FIGURE 38 The triangles summarize data ep 
tained while feeding approximately 25 per cent of the daily ea. 9 
calories under the experimental conditions used. The rectangles recor ae 
resulting from feeding 50 per cent of the calories, while the circles sia e 
data obtained when the energy intake was adequate. The Pr oe t « line 
drawn through the circles is called the nitrogen-balance index,” which is a 
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measure of the nutritive value of the protein and is a function of the amount 
of nitrogen retained in the body; the greater the slope, the higher the nutritive 
value. The slope of this line is unity, a fact that can be interpreted to os 
that all of the egg-protein nitrogen was retained for anabolism. The index 
of the egg nitrogen was still unity in animals fed the diet that contained only 


nitrogen nitrogen balonce 
gm. /day / m* 


urinary 


absorbed nitrogen gm/day/m* 


Ficure 3. Nitrogen balance and urinary nitrogen in dogs as against absorbed egg ni- 
trogen. The open circles record data obtained while feeding full caloric requirements; the 
rectangles, while feeding 50 per cent; and the triangles, while feeding 25 per cent of the nor- 
mal caloric intake. The circles with the bars illustrate data obtained by increasing the energy 
intake from 25 to 50 per cent of normal by adding carbohydrates to the diet. The circles 
with the cross bars illustrate similar data when the energy intake was increased by adding 
lard to the diet (data from Allison, Anderson, and Seeley”). 


50 per cent of the calories normally required. Even at 25 per cent of the 
normal caloric requirement, the index was still unaltered at low nitrogen 
intakes of less than 2 gm./day/m. body surface area, but it decreased rapidly 
as the nitrogen intake was raised further. Similarly, Cox, Ellingson, and 
Mueller” presented data that pointed to some protein anabolism under re- 
stricted energy intakes. 

A reduction in nitrogen retention in the presence of markedly restricted 
caloric intakes has been reported in animals and in man under many experi- 
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mental conditions,*: '® *4. 2° results that illustrate the principle of a limiting 
energy level for the utilization of protein by the body. An adaptive process, 
however, is revealed in the dog by continued feeding of a restricted caloric 
intake that resulted in a gradual decrease in the excretion of urea nitrogen and 
a lowering of requirements for calories.!°:28 For example, an animal with 
initially full protein reserves was in negative nitrogen balance because of a 
restricted energy intake, with its concomitant high excretion of urea nitrogen, 
but continued feeding of the restricted calories resulted in a drift toward ni- 
trogen equilibrium. If the restriction was marked, however, the fat and labile 
protein reserves were so severely depleted that tissue catabolism eventually 
increased again, leading ultimately to irreversible damage. Dogs with full 
protein reserves were shown to adapt to markedly restricted caloric intakes 
over long periods, while those with restricted reserves drifted more rapidly 
into the stage of critical loss of body nitrogen.! 

The circles with the bar in FicuRE 3 record the effect of adding carbohy- 
drate to increase the caloric intake from 25 to 50 per cent of normal. The 
circles with the cross bars illustrate a similar response while the caloric intake 
is increased with lard. These data can be interpreted to mean that the nitro- 
gen-conserving effects of carbohydrate and fat calories are equivalent. The 
data in the literature indicate that this equivalence is generally observed in 
mixed diets when the conservation is measured over sufficiently long periods of 
time. Munro and Wikramanayake”’ have called this a nonspecific effect of 
calories upon nitrogen retention.* These authors, however, have pointed 
out that their data, together with those of others, demonstrate a specific 
effect of carbohydrate upon protein utilization not observed with lipids. This 
specific effect is revealed by feeding carbohydrate simultaneously with the 
protein, a process that results in optimum retention of dietary nitrogen. Stud- 
ies involving human subjects by Cuthbertson and Munro,’ those involving 
animals by Cuthbertson, McCutcheon, and Munro,” by Munro,’’ by Geiger, 
Bancroft, and Hagerty,*! by Bancroft, Geiger, and Hagerty,” by Lathe and 
Peters,!® by Thomson and Munro,” and by others all demonstrate the improve- 
ment of nitrogen retention by feeding carbohydrate and protein simultaneously. 
Recently Munro” has associated this specific effect of carbohydrate upon 
nitrogen retention with the secretion of insulin evoked as a response to in- 
coming carbohydrate. To quote Munro: “After giving carbohydrate, amino 
acids are preferentially deposited in muscle and this causes a reduction in 
their level in the blood. The amino acid supply to other tissues is thus cur- 
tailed, with two consequences. First, urea production by the liver is reduced, 
so that a fall in urinary nitrogen output occurs, and secondly, the tissues other 
than muscle have a reduced supply of amino acids for protein synthesis. This 
latter is reflected in the slightly reduced protein content of the liver.”** Thus, 
two immediate responses to dietary carbohydrate were observed; one involving 
utilization of amino acids absorbed after a meal and the other the amino acids 
liberated from the tissues during fasting (endogenous). To quote further: 
“Each appears to be the result of insulin called forth in response to the in- 
coming carbohydrate. Evidence has been presented which strongly suggests 


1014 Annals New York Academy of Sciences 


that the site of this action is confined to muscle, where it would appear that 
peptide or peptides accumulate temporarily under the action of insulin. 
(See also Geiger and Pinsky.)* _ aorw 
Calories from fat do not appear to have such specific effects upon utilization 
of protein, although an unusual nitrogen-sparing effect of lipid has been de- 
scribed by Swanson and Clark.3* These authors reported that a high fat diet 
depressed the excretion of nitrogen and prolonged the survival period of pro- 
tein-depleted rats fed a restricted caloric intake. Calloway and Spector" 
found that restriction in calories in normal rats resulted in a negative nitrogen 
balance that was independent of the fat content of the diet. Similarly, Rosen- 
thal! reported that variation in the fat content of the diet did not alter the 
nitrogen balance indexes of casein fed to normal dogs. The specific effect of 
carbohydrate, however, was shown by Thomson and Munro” to be reduced 
when fat was substituted for the sugar in a mixed protein diet fed to rats. 


Caloric Intake and Rate of Filling of Protein Reserves 


It is obvious, from a consideration of these data correlating the effect of 
food energy upon protein utilization, that many complicated pathways are 
involved in the phenomenon of the nitrogen-sparing action of calories. In 
general, however, the net effects of food energy upon nitrogen balance can be 
illustrated and summarized by the data presented in FicuRE 4.°* To obtain 
these data, dogs were depleted in protein reserves by feeding them a protein- 
free diet for 28 days. The diet contained 80 cal./day/kg. of body weight, 
a caloric intake required by the normal dog fed a mixed diet and living under 
laboratory conditions. Dogs fed this caloric intake in the protein-free diet 
were depleted markedly in protein reserves, but they developed fat stores and 
fatty tissues. 

The open circles in the lower part of rrGuRE 4 record average data obtained 
while feeding 0.6 gm. casein nitrogen/day/kg. of body weight in a diet con- 
taining 80 cal./day/kg. of body weight to 4 of these protein-depleted dogs. The 
slope of the dashed line drawn through the circles may be taken as a measure 
of the rate of repletion of protein reserves to establish nitrogen equilibrium. 
The line indicates that the dogs came near nitrogen equilibrium within 23 
days. The area under the line is a measure of the amount of nitrogen added 
to the body to attain this condition of equilibrium. The calculated nitrogen 
retention was approximately 3.2 gm./kg. of body weight, which is low and 
does not represent the capacity of the body to build up reserves. Continued 
feeding of 0.6 gm. of casein nitrogen/day/kg. would probably increase the 
reserves slowly by maintaining a slight but variable positive balance until 
the tissue proteins had been developed to a higher level. Increasing the casein 
nitrogen to 1.1 gm./day/kg., but keeping the energy intake at 80 cal./day/kg. 
of body weight, resulted in data illustrated by the black circles and the dotted 
line, Increasing the nitrogen intake, therefore, raised the nitrogen balance 
considerably, 0) that a new condition of equilibrium was approached with 
much higher protein reserves. Approximately 10 gm. of nitrogen/kg. could be 
estimated to be retained if the feeding period were extended to establish ni- 
trogen equilibrium. The slope of the line, however, drawn through the black 


Allison: Calories and Protein Nutrition 1015 


circles is the same as the broken line describing the data obtained while feeding 
0.6 gm. casein nitrogen/day/kg. Thus it could be stated that the rate of 
filling of the protein reserves was the same at both nitrogen intakes, even though 
the final uptake of nitrogen was approximately three times greater in animals 
fed the 1.1 gm. than in those fed the 0.6 gm. casein nitrogen/day/kg. The 
circles with vertical bars record data obtained while feeding 1.1 gm. casein 


WHEAT GLUTEN 


NITROGEN BALANCE g/day /kg. 


DAYS 


Ficure 4. The effect of feeding different amounts of casein nitrogen or wheat gluten 
nitrogen at various caloric intakes on the nitrogen balance of protein-depleted dogs. These 
are average data obtained on groups of dogs: 4 to a group (data from Allison*). 


nitrogen/day/kg. of body weight, but with an increased caloric intake aver- 
aging 144 cal./day/kg. The slope of the line drawn through these circles is 
greater than the other two, and nitrogen equilibrium was approached in 23 
days, at which time approximately 10 gm. of nitrogen/kg. of body weight had 
been added to the protein reserves of the animal. The rate of filling of the 
reserves, therefore, was increased by raising the caloric intake, although the 
amount of nitrogen retained at equilibrium was mostly independent of the 
calories. These data emphasize the importance of calories in controlling the 
rate of filling of the protein reserves of the animal, and they also demonstrate 
the increased retention associated with a rise in dietary protein intake. The 
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rate of filling of the reserves, however, is also a function of the pattern of dietary 
amino acids as well as the caloric intake, a correlation that is illustrated by the 
data in the upper part of FIGURE 4. 

The open circles in the upper part of FIGURE 4 record average data obtained 
while feeding approximately 0.6 gm. wheat gluten nitrogen/day/kg. of body 
weight in a diet containing 80 cal./day/kg. of body weight to 4 of the protein- 
depleted animals. The slope of this line is much less than that describing 
similar data obtained while ingesting casein nitrogen. The circles with vertical 
bars describe data resulting from feeding 1.1 gm. of wheat gluten nitrogen/day/ 
kg. ina diet averaging 140 cal./day/kg. Again, the slope of this line is much 
less than the one describing similar data obtained while feeding 1.1 gm. casein 
nitrogen/day/kg. at this same caloric intake. Indeed, the slope describing 
wheat gluten data is similar to the one resulting from feeding 1.1 gm. of casein 
nitrogen/day/kg., but at a lower caloric intake of 80 calories/day/kg. Wheat 
gluten is primarily deficient in lysine, so that adding this amino acid increased 
the rate of filling of the protein reserves to be equivalent to the rate established 
for casein. The circles with cross bars, for example, illustrate data obtained 
while feeding 1.1 gm. of the supplemented wheat gluten nitrogen/day/kg. in a 
diet containing 140 calories/day/kg. body weight. These data, resulting 
from feeding wheat gluten or casein at various caloric and/or nitrogen intakes 
to depleted dogs, could be interpreted to mean that the rate of filling of the 
protein reserves is primarily a function of caloric intake and nutritive value of 
the protein. The amount of repletion, on the other hand, was markedly 
influenced by the magnitude of nitrogen intake. Thus the filling of the 
protein reserves must be described in terms of three dimensions; namely, (1) 
the nutritive value of the dietary protein, (2) the nitrogen intake, and (3) the 
caloric intake.*® 

One of the most dramatic illustrations of the importance of balance between 
these 3 dimensions was developed during an experiment in which groups of 
puppies were fed the same diet, except that one group received egg protein, 
another group casein, and a third wheat gluten in the diet. During the fast- 
growing period the puppies fed egg protein gained 0.5 gm. nitrogen/gm. nitro- 
gen intake, those fed casein gained 0.43 gm. nitrogen, and those fed wheat 
gluten gained-only 0.18 gm. nitrogen/gm. nitrogen intake. All dogs, however, 
gained essentially the same body weight per gram of nitrogen ingested. The 
animals fed egg protein were lean and active, while those fed wheat gluten 


were obese and inactive, thereby exhibiting an inefficient balance between 
fat stores and lean body mass.* 


Summary 


Data are presented to illustrate some of the interrelationships existing 
between caloric intake and nitrogen retention in animals. Evidence is given 
that the body dips into protein reserves to correct a deficiency in calories in 
the metabolic energy pool and, conversely, that food energy conserves body 
nitrogen, It is suggested that there is an optimum energy intake to establish 
an efficient balance between fat stores and lean body mass, and that these 
optima vary with the age and physiological state of the animal. The initial 
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response to a reduced caloric intake is an increased excretion of urea nitrogen, 
but without altering the nitrogen balance index of the dietary protein. Marked 
reduction in energy intake, however, decreases the retention of dietary nitrogen, 
results which emphasize the principle of limiting energy level for protein 
utilization. The data indicate that the body adapts within physiological 
limits to caloric restriction. Dogs with full reserves can resist a marked 
lowering of energy intake over a longer period of time than those with low 
reserves. The rate of repletion of depleted protein reserves in dogs is shown 
to be a function of caloric intake and of the nutritive value of the protein. 
Under certain experimental conditions the rate of repletion is a function of 
caloric intake, and the amount of repletion is a function of nitrogen intake. 
Thus, the filling of protein reserves must be described in three dimensions, 
namely, (1) the nutritive value of the dietary protein, (2) the nitrogen intake, 
and (3) the caloric intake. The importance of a balance among these three 
dimensions is illustrated by feeding egg protein, casein, and wheat gluten to 
puppies. The puppies fed egg protein were lean and active, with full protein 
reserves. Those fed wheat gluten became obese with reduced lean body 
mass. 
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DISCUSSION 


Witi1am Assorr (Western Reserve University, Cleveland, Ohio): The effect 
of caloric intake on protein requirements and utilization is not only a very 
interesting problem, but also one of great importance in the recovery of the 
sick and injured patient. My colleagues and I have followed the work of 
Allison and his associates; certainly their contributions have been a great 
stimulus to those of us who must deal with the sick and traumatized patient. 
It has been largely through his efforts and those of Stare and other workers 
dealing with basic or fundamental problems in the field of nutrition that the 
clinician has become aware of the need for an adequate caloric intake in con- 
junction with protein if good utilization is to be expected. 

Until recently, dextrose and normal saline solutions have constituted the 
only available parenteral fluids employed in the treatment of surgical patients 
who are unable to eat because of a fistula or obstruction of the gastrointestinal 
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tract, because of peritonitis, or following an injury. About eighteen years ago 
protein hydrolyzates that could be given intravenously became available and, 
subsequently, further improvements have been made so that such hydroly- 
zates are now well tolerated. A better understanding of the need of potassium 
and other inorganic elements was then reached and, more recently, the pro- 
vision of supporting calories by intravenous administration of a fat emulsion 
has been made feasible largely through the contributions of Stare and his 
associates. Many of the metabolic studies that have been done in the past 
on the sick or injured patient were limited primarily because such individuals 
often received diets that were wholly inadequate. One of the problems that 
has interested us has been that of differentiating the effect of these inadequate 
diets and the biochemical changes they produce from alterations that have 
resulted solely from infection, injury, or anesthesia. We have also hoped 
to determine whether there was any beneficial effect in providing a well- 
rounded caloric, mineral, vitamin, and nitrogen intake during the acute phase 
of an illness or following an injury. For the past fifteen years we have been 
engaged in such studies, and we now feel that it is no longer necessary to 
argue whether the loss of weight and nitrogen wasting following injury or 
infection can be prevented or minimized, but whether it is desirable to do so. 

Certainly the magnitude of these nutritional deficits is greatly increased in 
the patient who, for one reason or another, cannot take food. It has also 
been quite apparent from our studies and from the contributions of others 
that even the normal individual will lose considerable weight and develop a 
sizable nitrogen deficit if he is given intravenous feedings or liquid diets similar 
to those commonly employed in many hospitals today. It is thus apparent 
that often the metabolic alterations following operation and anesthesia are 
primarily due to a reduction of appetite and the effects of intestinal ileus or 
an interference with the normal gastrointestinal function, so that adequate 
oral nutritional intakes cannot be provided. Our studies indicate that about 
two thirds to three quarters of the so-called “metabolic response to injury” 
is in reality comparable to that exhibited by the normal person who is put on a 
restricted caloric, electrolyte, and protein intake. 

Our group has conducted experiments with dogs during the past few years 
in an attempt to learn whether the additional calories provided by the intra- 
venous administration of a fat emulsion have improved the utilization of 
ingested nitrogen. These studies were carried out after the dogs had been 
accustomed to metabolic cages and had been adjusted to a diet of approxi- 
mately 70 cal./kg. of body weight per day and when their weights had remained 
constant for a period of at least several weeks. At this point it was believed 
that they had reached a fairly constant nutritional state, and the studies were 
begun. Each period was entered on a chart and represented a four-day study. 
The nitrogen output of all excreta (urine and stool) was determined. The 
average daily intake for the four-day period was plotted upward from the 
zero or base line, and the entire nitrogen output plotted downward from the 
top of the intake column. The area in black above the zero or base line 
represented a positive nitrogen balance, and any portion of the column ex- 
tending below the zero line in red indicated a negative mitrogen balance. 
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During the middle four-day period of these studies the fat was removed 
from the diet and a comparable amount of a 15 per cent fat emulsion was 
given intravenously every day. There was a positive nitrogen balance during 
each of the experimental periods equal to or greater than that seen during the 
control period that preceded or followed it. In some instances there was also 
a slight gain of weight during the experimental periods and, insofar as we could 
determine from these studies, the four healthy dogs utilized the intravenously 
administered fat emulsion at least as well fora source of calories as a comparable 
amount of fat taken orally. Two additional dogs were used for identical 
experiments, except that during the middle periods the entire oral diet was 
withdrawn and the animals were given a 5 per cent protein hydrolyzate, 10 per 
cent fructose solution, and a 15 per cent fat emulsion intravenously, in amounts 
comparable to that consumed during the control periods by the ingestion of 
oral diets. It can be seen that these animals did almost as well during the 
periods they received all nutrients intravenously as they did in the control 
periods when their intake was consumed orally. During the time that the 
intravenous alimentation was being provided, these dogs showed nitrogen 
equilibrium or a slightly positive nitrogen balance. 

We have also studied thirty male patients during the past five years. These 
patients all had a gastric operation for ulcer of the duodenum or stomach. 
Prior to operation these patients were considered to be relatively healthy 
individuals. They had not had any recent vomiting or bleeding, so that, 
insofar as it was possible to determine, they were all brought to the operating 
room in as near a comparable nutritional state as was feasible. There were 
variations in their ages and physical stature that obviously could not be 
avoided. These patients were studied after being started on a diet for several 
days prior to the operation. This group of 14 patients received only a 5 or 
10 per cent hexose (dextrose or fructose) solution. These solutions provided 
approximately 500 to 1200 calories daily and contained no nitrogen. On the 
average, these patients showed deficits of approximately 58 gm. of nitrogen, 
and their deficits ranged between 50 and 70 gm. of nitrogen over this 5-day 
period. Although their weight loss varied somewhat from one individual to 
another, there was approximately 1 Ib. to 1) Ib. of weight lost per day. 
The patients who were given a comparable sugar intake but, in addition, re- 
ceived approximately 0.2 gm. of nitrogen daily per kilogram of body weight 
showed a 30 to 40 gm. nitrogen deficit over a comparable 5-day postoperative 
period, with an average deficit of about 35 gm. of nitrogen for the 5 days. 
Their weight loss was almost half that exhibited by the group of patients who 
received only a hexose solution for the 5 days. The third group of patients 
received a comparable or slightly greater nitrogen intake but, in addition 
to the Sugar and protein, they were given a fat emulsion, so that their caloric 
intake was increased from the 1200 to 1700 cal. received by the preceding 
group to a point between 2000 and 3000 cal. per day. This provided approxi- 
mately 35 cal./kg. of body weight per day. It is evident that the weight loss 
and nitrogen deficits were greatly minimized. This latter group of patients 


either lost or gained only 1 or 2 pounds of weight and showed an average 5-day 
cumulative postoperative nitrogen deficit of 8 gm. 
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Balance studies of some of this group of 30 patients demonstrate the fact 
that the patients who received about 0.2 gm. of nitrogen per day and 150 to 
300 gm. of carbohydrate lost between 30 and 40 gm. of nitrogen during the 
5-day period. This deficit and the loss of weight could also be minimized by 
giving an anabolic hormone, Depo-Testosterone propionate or Depo-Norteston- 
ate. By giving one injection of 250 mg. of this hormone several days prior to 
operation it was noted that the nitrogen deficit and weight loss could be reduced 
by approximately 50 per cent. 

Studies of two women who also underwent a subtotal gastrectomy empha- 
size the fact that the magnitude of the metabolic response of the female is 
about one half that exhibited by the male undergoing a similar operative stress. 
It is believed that this variation is due partially to the greater amount of fat 
and lesser amount of muscle in women and to a somewhat different endocrine 
response. 

Two other cases also underwent a subtotal gastrectomy. A man who was 
given 3000 ml. of a 10 per cent dextrose solution daily showed a 61-gm.-nitro- 
gen deficit over the first 5 days after his operation and a 6-kg. weight loss. 
The other patient, who underwent a comparable operation and was given 
adequate amounts of protein, sugar and fat intravenously, showed no loss of 
weight, and his nitrogen deficit was almost nil, being approximately 3 gm. over 
the first 5 postoperative days. 

I believe it is also worth emphasizing that many of these patients who had 
had a subtotal gastrectomy could not eat adequately during the postoperative 
period, so that frequently studies reported in the past that failed to show a 
prevention or minimizing of the weight loss and nitrogen wasting were in 
reality a reflection of the inability to provide an adequate caloric intake. I 
emphasize the fact that, although the patient, his relatives, or the nurse may 
all tell us that the patient is having a well-rounded diet, our studies indicate 
that often, when we have an opportunity of making an accurate investigation, 
the amount of food actually consumed usually proves to be much less than that 
ordered by the physician and considerably less than the amount the patient 
feels he is having. In other words, the physician must determine how much 
of the diet that he has ordered is actually being consumed before he can con- 
clude that the loss of weight and general debilitation that result following an 
operation or injury are due to the trauma per se rather than to inadequate 
nutritional intake. It has also been frequently stated that protein, fats, and 
other nutrients are not utilized in proper fashion following an injury. How- 
ever, most of the studies done do not support this view, and the evidence 
available seems to indicate that there is probably a normal utilization of protein 
and other nutrients but that, under certain circumstances, an acceleration of 
the rate of utilization or turnover may occur. . 

In summary, I emphasize again that much remains to be learned in the 
field of nutrition as it relates to the care of the sick and injured patient. Our 
studies indicate that persons who are undergoing a major operation or who 
have experienced severe trauma should be given approximately 0.3 gm. of 
nitrogen and 40 cal./kg. of body weight per day. Women may often do well 
on somewhat lesser amounts. Little is known concerning the specific individual 
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amino acid requirements for the injured or ill patient, but undoubtedly future 
studies will clarify this problem and others. ; 

We now believe that many of the alterations reported to occur following an 
injury have been, in reality, primarily the result of starvation. Obviously it 
+s often not advisable to feed injured and desperately ill patients forcibly, but 
it also should be remembered that starvation regimens likewise have no place 
in the modern treatment of the sick and injured patient. We certainly agree 
with Allison that it is important to support a good protein intake with an 
adequate amount of calories. 

T. B. Van Ivature (Harvard University School of Public Health, Boston, 
Mass.): It is not uncommon for physicians to encounter patients who are 
unable to consume enough food to remain in calorie and nitrogen equilibrium. 
When this occurs, a decision must be made as to what combination of nutrients 
will be optimal under the circumstances. 

In attempting to decide what to feed such patients (whether this is to be 
accomplished by mouth, stomach tube, or parenterally), the physician must 
draw upon basic information about calorie-nitrogen relationships such as that 
obtained by Allison and his colleagues in experimental animals. Indeed, we 
are grateful that work of such quality is available to us for, were we forced to 
rely on studies done on human subjects, we should certainly feel far less secure 
in enunciating certain principles of supportive nutritional care. 

This is partly because most nutritional experiments on man are too brief 
and, as we see from the figures illustrating the paper under discussion, we can- 
not interpret any one phase of a nutritional experiment without reference to the 
other phases, before and after. 

As a result of such studies we are beginning to be aware of certain important 
factors that must be considered when we attempt to make the best nutritional 
‘““compromise’’ possible. 

In general, the objective of supportive nutrition is to build up or maintain 
protein stores, or to minimize their loss, depending on the clinical situation. 
Toward the attainment of this end, the three dimensions discussed by Allison 
are of importance: namely, the quality of the ingested protein, the level of the 
nitrogen intake, and the level of the calorie intake. In addition to these 
dimensions there are several others that deserve mention. For example, study 
of the role of carbohydrate should be given a high priority. 

In the nondepleted experimental subject, a number of investigators have 
shown that 50 to 100 gm. of carbohydrate, administered in the absence of all 
other nutrients, will forestall ketosis effectively and will diminish nitrogen 
and associated electrolyte losses by almost one half. Obviously, carbohydrate 
does not accomplish these results by virtue of its ability to supply calories. 
It would seem that this quantity of carbohydrate is enough to replenish the 
oxaloacetate lost by attrition in the Krebs cycle and to provide some of the 
glucose needed by the nervous system. 

In the absence of small quantities of carbohydrate from outside sources, 
particularly when liver glycogen stores are exhausted, an excessive rate of 


i eee from protein occurs, leading in turn to a marked nitrogen 
CHIT. 


Allison: Calories and Protein Nutrition 1023 


Thus, carbohydrate spares protein in two ways: (1) as an essential nutrient 
necgedt for weet Peters! has called “operative” metabolism—as a part of the 

machinery of metabolism, and (2) as a fuel. When carbohydrate and fat 
are considered as fuels they are interchangeable, as Allison has pointed out, 
but for operative purposes this is not the case. 

The same 50 gm. of carbohydrate that afford protection against ketosis and 
excessive nitrogen loss provide only 200 cal. This amount may be one tenth 
of the caloric needs of the patient. Much of the remainder can be met by 
drawing upon the fat depots. However, there is always some protein broken 
down to provide calories and, in the absence of an adequate intake of calories 
and protein, some degree of nitrogen deficit is bound to occur. 

In nutritional situations in which one must compromise on quantity, how 
can this deficit be kept at a minimum? Allison has provided us with some 
clues, and Calloway and Spector? have reviewed the nutritional literature on 
this subject with interesting results. 

I propose to mention several of their conclusions, conceding that we are in a 
controversial area. When the adult male is deprived of all food, the nitrogen 
deficit early in starvation is about 12 gm./day. When the calorie intake is 
raised from 0 to 700 from nonprotein sources, it is possible to reduce this 
deficit to about 7 gm./day. According to Calloway and Spector, a subse- 
quent increase of calorie intake up to levels of 2800 calories seems to be without 
further advantage in the sparing of body protein. When not more than 400 
to 600 cal. are supplied from nonprotein sources, there seems to be no advantage 
in administering protein. However, it is important to decide whether, in 
parenteral nutrition, one should or should not administer amino acids when 
the calorie intake is limited to 500 cal. Nevertheless, according to Calloway 
and Spector and others, protein ingested under such circumstances is largely 
burned as an energy source. If the level of nonprotein calories is raised to 
900 cal./day, according to Calloway and Spector, any excess over 3 gm. of 
nitrogen per day is virtually of no further advantage. Whether these data 
are precisely accurate or not is not too pertinent at this time, since many more 
studies must be done on patients at various stages of repletion and depletion 
before we can be sure of the effect of a changing nutritional status upon these 
relationships. However, we must discover what we can about this subject, 
because without appropriate information we cannot rationally plan a program 
of compromise feeding. We should like to know whether it makes sense to 
administer amino acid preparations to a patient whose calorie intake is only 
600 or less. 

Plough and his associates’ have summarized the relationship between calories 
and nitrogen by pointing out that the magnitude of the protein-sparing effect 
of added calories increases with an increase in the level of dietary protein. 
I believe this relationship is also illustrated in Allison’s studies. However, 
such a rule may not hold if the calorie intake itself is severely restricted; 
according to the work done on rats by Vitale and his associates in our depart- 
ment, there are some suggestions that, at a submaintenance calorie intake, 
protein feeding can be detrimental. 

If we grant that these general principles about calories and nitrogen in de- 
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pleted and nondepleted individuals have some validity, there are still several 
considerations that need further explanation. For example, fatty tissue 1s 
supposed to contain 1.1 per cent nitrogen. Does this mean that when a calorie 
is stored as fat, 1.8 mg. of nitrogen also must be stored? If this is the case 
(and Plough ef al. have suggested that it may be), how are we to interpret the 
positive nitrogen balances associated with very high calorie intakes, when fat 
is being laid down? Actually, although fatty tissue contains some protein, it 
seems unlikely that the triglyceride stored in the fat cells has to carry with it 
nitrogen in the same proportion. 

The topic of positive calorie balance leads us naturally to a consideration of 
surfeit feeding. Is it desirable to maintain nitrogen stores at their physiologic 
maximum, or can we have too much of a good thing? We need to learn more 
about the desirable proportion of stored fat to stored nitrogen. In this regard, 
can we equate the consequences of surfeit feeding with optimal health? As 
Allison has pointed out, we cannot do so. It would seem that more work 
must be done to correlate nutrition with functional capacity. We need to 
know whether the rapid repletion of protein stores obtainable by feeding of a 
high-calorie diet has clinical merit, and we also need to know whether increased 
storage of protein in the body has clinical value. 

I should like to summarize what I have said by repeating my conviction 
that the clinician needs sound nutritional principles to guide him in his planning 
of nutritional supportive care. Studies such as those of Allison are very 
useful in helping to provide a rational basis for such principles. Nevertheless, 
the physician still must determine the extent to which a discernible clinical 
advantage accompanies increased rates of protein repletion, or a degree of 
protein storage larger than usual. 
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BALANCE AND IMBALANCE OF AMINO ACIDS 


By A. E. Harper 


Department of Biochemistry, University of Wisconsin, Madison, Wis. 


Recognition of the importance of the proportions of individual amino acids 
in dietary proteins can be traced to the classic investigations of Willcock and 
Hopkins! and of Osborne and Mendel about fifty years ago. These pioneer 
studies, which gave rise to the concept of dispensable and indispensable amino 
acids, indicated clearly that the nutritive value of a protein was related to its 
amino acid composition. These observations led to extensive investigations 
by many nutritionists, culminating in 1935 in the isolation of threonine by 
McCoy, Meyer, and Rose.’ This discovery, together with the previously 
accumulated knowledge, made it possible to estimate quantitatively the amino 
acid requirements of several species and, as methods of determining the amino 
acid composition of proteins were improved, to relate differences in the nutritive 
value of proteins to differences in their content of indispensable amino acids.) 5 
These developments paved the way for detailed studies of interrelationships 
among amino acids, and between amino acids and other dietary components, 
thus leading to an awareness of the importance of amino acid balance and im- 
balance in nutrition. 


Amino Acid Balance and Imbalance 


The multitude of studies on amino acid requirements and deficiencies and 
on the effects of amino acid supplementation have made it clear that, in order 
to support optimum growth, a diet must provide each indispensable amino 
acid in the quantity in which it is required by the animal.*:7 Although re- 
quirements vary with the age and condition of the animal’: * and may be 
affected by a number of other factors,” it is possible, fora given set of conditions, 
to calculate a ratio representing the relative requirements of the individual 
indispensable amino acids.*:° Ratios of the requirements calculated from 
biological assays have been shown to correlate fairly well with those estimated 
from carcass analyses.*: 1° 

An idea of the nutritional adequacy of a protein can be obtained from a 
comparison of the ratio representing the relative proportions of the indispen- 
sable amino acids in a protein with that representing the relative amino acid 
requirements of the animal. Difficulty is encountered in satisfying the re- 
quirements of the animal if the ratio of amino acids in a protein deviates 
appreciably from the ratio of the requirements. The unsatisfactory rate of 
growth of animals consuming nutritionally unbalanced proteins is frequently 
attributed to an amino acid imbalance. Apart from the fact that it is necessary 
to provide amino acids in certain definite proportions in order to meet the 
individual amino acid requirements, our knowledge of the limits within which 
the balance of amino acids in different diets may be varied without leading to 
ill effects is limited and is undoubtedly influenced by many factors. Certainly, 
growth is suboptimal when one or more amino acids are provided at levels 
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below the requirement. However, this suboptimal growth is not attributable, 
as a rule, to the amino acid balance Perse, but to the fact that mer is 
specifically deficient in an essential component, just as the poor growth of an 
animal receiving a diet low in thiamine is not directly attributable to poor 
vitamin balance, but to a thiamine deficiency. There are, in contrast, cases 
in which it can be demonstrated that a change in the proportions of the amino 
acids in a diet, quite apart from the direct creation of a deficiency, can cause 
an adverse effect on growth or some other metabolic process. Thus the use 
of the term imbalance as a synonym for deficiency, as is not infrequently done, 
can be misleading. 

At this point I propose to stress the difference between the two prefixes 
“un” and “im.” ‘Un’ carries merely the meaning of negation or not, and the 
term “unbalanced,’”’ meaning ‘“‘not balanced,” is useful for describing proteins 
that are low in one or more essential amino acids or that are generally poorly 
balanced from a nutritional viewpoint. This would be in accord with the 
dictionary definition. Diets containing unbalanced proteins give rise to the 
development of amino acid deficiencies. On the other hand, the term im- 
balance will not be found in the average dictionary, and it usually carries a 
specific medical connotation when so listed. However, since the prefix “im” 
can be used to connote “‘intensive negative force,”’ the term would be a stronger 
term than “unbalanced,” and it would imply a more severe condition or even 
a somewhat different type of condition. There is, therefore, a good case 
for reserving the term “‘imbalance”’ for situations in which an adverse effect, 
more severe than the original deficiency, results from an alteration in amino 
acid balance per se, one that can be prevented by correcting the balance. 

Since any alteration in the amino acid composition of a diet, other than 
a proportional change in all the amino acids, alters the amino acid balance 
of the diet, it is not surprising that adverse effects resulting from additions of 
amino acids to diets under a variety of conditions have been attributed to the 
creation of amino acid imbalances. Growth retardations observed when 
animals have ingested excessive amounts of certain individual amino acids 
have been attributed to amino acid imbalances; the greatly reduced weight 
gains of animals receiving vitamin-deficient diets to which large amounts of 
individual amino acids have been added have received the same attribution; 
increases in the severity of certain vitamin deficiencies following an improve- 
ment in the nutritive value of the dietary protein have been cited as examples 
of effects of such imbalance; the same thing has been said of growth retardations 
resulting from the addition of various amounts of amino acids or nutritionally 
unbalanced proteins to diets that are primarily deficient in an amino acid; and 
the term has also been used, as indicated earlier, synonymously with amino 
acid deficiency. 

A short time ago it appeared plausible to classify all of the deleterious effects 
of dietary additions of amino acids under the general heading of amino acid 
imbalance." However, as information has accumulated, it has become 
Increasingly difficult to justify this procedure, 215 and it now appears that 
there are at least 2 or, possibly, 3 distinct types of such adverse effects. It 
1s accordingly necessary, before going further, to propose a definition for the 
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term “amino acid imbalance” in the hope that, if the definition is not gen- 
erally accepted, it will at least serve as a basis for discussion. 

I suggest that the term ‘“‘amino acid imbalance” be used to describe those 
cases in which the addition of a relatively small amount (what might be called 
a supplemental amount) of an indispensable amino acid, or of a mixture of 
such amino acids, or of an unbalanced protein to a diet that is low in one or 
more amino acids causes a retardation of growth or some other adverse effect 
that can be prevented by the concomitant addition of small quantities of the 
limiting amino acids to the diet. The critical points are that the diet must 
contain a marginal amount of at least one indispensable amino acid, and that 
the effect of the imbalance can be prevented by a small supplement of the most 
limiting amino acids in the diet. In essence, this would be the creation of a 
more severe amino acid deficiency through an alteration in the amino acid 
balance. 

If this definition is accepted, it then becomes necessary to distinguish be- 
tween imbalances and other adverse effects of amino acid additions. 


Amino Acid Toxicity 


Detrimental effects that result from the ingestion of excessive quantities 
of vitamins are attributed to vitamin toxicities, so it would appear logical 
to attribute the detrimental effects that result from the ingestion of excessive 
quantitites of individual amino acids to amino acid toxicities. Although many 
amino acids become toxic under some conditions,'* it is unlikely that the levels 
required for such effects to become evident would ordinarily be encountered. 
The results listed in TABLE 1 illustrate growth retardations that have been 
observed with excessive quantities of some amino acids. The diet used in these 
experiments was a complete purified diet that supported a good rate of growth 
when the protein level was adequate. Young rats were used in the experi- 
ments, which were of 2 to 3 weeks’ duration. It is evident, even from these 
few examples, that the toxic levels of the various amino acids differ greatly. 

In some cases these toxic effects have been reversed, while in others various 
attempts to overcome the toxicity have been unsuccessful. The toxic effects 
of a dietary excess of methionine can be counteracted by increasing the intake 
of arginine and glycine” or by providing glycocyamine’* in the diet, as illus- 
trated in TABLE 2. These compounds might almost be considered as antidotes 
for methionine poisoning. The severe effects of an excess of leucine in animals 
fed on a low-protein diet can be prevented by the inclusion of more isoleucine'® 
or isoleucine and valine"’ in the diet, as shown in TABLES 3 and 4. This growth 
retardation appears to be the result of an amino acid antagonism. It is not 
prevented by a mixture of the most limiting amino acids in the diet, but only 
by the structurally similar isoleucine and valine. Wretlind”® has recently 
observed that the utilization of p-valine is similarly prevented by an excess of 
p-leucine. 

There is no evidence of a common basis for dietary amino acid toxicities. 
Each appears to be different, and it seems probable, as Russell, T aylor, and 
Hogan?! have suggested, that these effects are inherent properties of the 
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‘ndividual amino acid molecules or their breakdown products. The toxicity 
may be more severe when it is superimposed on an amino acid deficiency. Also, 
there are differences in the effects of the p and L isomers.'® ** The limited 
evidence available suggests that excessive quantities of amino acids are less 
toxic if the diet contains an adequate supply of all amino acids.’ For example, 
the growth of rats receiving levels of casein as high as 60 per cent is not appre- 
ciably retarded; yet a diet with this level of casein would contain about 1.9 
per cent of methionine, 4.5 per cent of lysine, 5.4 per cent of leucine, 3.5 per cent 


TABLE 1 


Errecr oF INGESTION OF EXcCEssIVE Quantities OF [ypIvipuAL AMINO AcrIDS ON GROWTH 
oF Rats RECEIVING ADEQUATE AND INADEQUATE LEVELS OF PROTEIN 


Rate of gain 
Amino acid addition : 
9 per cent casein, 18 per cent casein, 
gm./week gm./week 
INOM 6 acter pate ante cee ee eae 15 30 
Des) [NIP COME WAH MONE 424 5s 2 17 
3/0sper cent pi-tryptopham...........-2... 5 22 
AD joe Came Welles 1EKCN on ec ce 9 25 
OO) pore? Genie WME oa oer oe ee cae ce 2 32 
3.0)pern cent DL-aspantic acidy wes s4e. sees 10 26 


TABLE 2 


EFFECT OF ARGININE AND GLYCINE IN PREVENTING THE GROWTH DEPRESSION CAUSED 
BY Excess METHIONINE (250-Gm. Rars Durinc 20 Days)" 


Diet | 
“s =. Change in weight, 

Casein, Methionine, Arginine, Glycine, a 
per cent per cent per cent per cent 

12 -— — -—— eee 

12 ae - = —~ 36.6 

12 = = 4.8 12 

ibe} 4.8 — 4.8 —1.0 

12 ; 4.8 1% 4.8 —5.0 

12 — 4.8 ile, —5.1 


of tyrosine, and high levels of all amino acids except tryptophan and cystine. 
In general, dietary amino acid toxicities have not been studied methodically,!® 


and observations on their effects on the concentration of free amino acids in 
the blood have not been illuminating.2®: 26 


Amino Acid-Vitamin Relationships 


The effect of an excess of an amino acid or amino acids in creating a more 
severe vitamin deficiency might be considered as a special case of amino acid 
toxicity, Such effects have been demonstrated in animals fed on diets defi- 
cient In macin, pyridoxine, or vitamin By» )'° all of which have been implicated 
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in amino acid metabolism. An example is given in TABLE 5. Except when the 
levels used have been such that a true toxicity has been superimposed on the 
initial effect, these can be reversed by providing an adequate amount of the 
missing vitamin. The growth retardation in such cases is evidently the result 
of an increase in the rate of catabolism of the particular vitamin. This is 
further suggested by the observation that an increase in the level of a nu- 


TABLE 3 


EFFECT OF PROTEIN AND Amino Actp SUPPLEMENTS ON THE GROWTH-RETARDING 
ACTION OF L-LEUCINE 


Diet 
Weight oop 
Casein t-Leucine, -Is cine, SEW 
i cok per ak ar mee Other 
Be 
9 — = — 17 + 1.3 
9 3.0 — —= 2 += 1.0 
18 — — — 35°-+ 1.0 
18 3.0 — — 34 + 2.0 
9 — — A.A.s* 24 + 1.3 
9 3.0 — INNS 4-15 
9 — 0.5 | — 16 + 1.5 
9 3.0 0.5 — 12 + 1.0 


* Amino acids: 0.1 per cent pL-tryptophan, 0.6 per cent pi-threonine, 0.6 per cent pL-val- 
ine, 0.3 per cent L-histidine HCl, 0.5 per cent L-lysine HCl, and 0.3 pr-phenylalanine. 


TABLE 4 


EFFECT OF ISOLEUCINE AND VALINE IN COUNTERACTING THE GROWTH-RETARDING ACTION 
oF Excess L-LEUCINE IN Rats Fep 9 PER Crent CASEIN 
Diets SUPPLEMENTED WITH AMINO ACIDS 


Diet 2 isha a gain, 
Nine per cent casein + essential amino acids*.................... 18.4 + 1.3 
Wasal =o per cent e-levcine. 2... 2 da te ro are oe ER WO ae Od 
Basal + 3 per cent L-leucine + 1.2 per cent pL-isoleucine.......... feouet=055 
Basal + 3 per cent t-leucine + 1.2 per cent pr-isoleucine + 1.2 per 
SSR ANS pee > etn ese te act nel AP PPR Erk? AS Cy eRe Pa EES leek aire) 


* Essential amino acids included 0.1 per cent pi-tryptophan, 0.3 per cent pi-methionine, 
0.54 per cent L-lysine, and 0.7 per cent pL-threonine. 


tritionally well-balanced protein can increase the severity of certain vitamin 
deficiencies.”* 

The creation of a more severe vitamin deficiency by improving the dietary 
protein and increasing growth, as has been shown in choline deficiency,” 
certainly demonstrates the importance of nutritional interrelationships, but it 
cannot be considered as an effect of amino acid imbalance. This case is 
complicated by the role of methionine in the biosynthesis of choline. Never- 
theless, it is analogous to the masking of a B-vitamin deficiency by feeding 
an amino acid-deficient diet, which retards growth to such an extent that the 
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vitamin deficiency does not become evident until the dietary protein is im- 
proved. In neither case, if the vitamin is provided, can any adverse effect 
from the amino acid or protein supplement be demonstrated. 


Amino Acid Imbalance 


To return to the subject of amino acid imbalance as defined earlier: the 
first example that falls within the limits of the above definition is the growth 
retardation observed by Krehl, Sarma, and Elvehjem*® upon adding gelatin to 


TABLE 5 


Errect oF Excess METHIONINE ON THE GROWTH OF RATS RECEIVING VARIOUS LEVELS OF 
PyripOxInE (Diet Contatns 18 PER Cent OF CASEIN AND SUCROSE)?*? 


Grams gained in 4 weeks, 
Additional pr-methionine, pyridesine (aig. /Ee. et) 
per cent 
0 0.6 | 6.0 
0 34 78 121 
0.4 17 85 131 
1.0 5 25 | 114 
Dias — 3 | 59 
TABLE 6 


INTERRELATIONSHIPS AMONG METHIONINE, THREONINE, AND TRYPTOPHAN IN THE 
CREATION OF AN AMINO ACID IMBALANCE IN RATS RECEIVING 9 PER CENT OF 
CASEIN (NIACIN OMITTED FROM VITAMIN MIXTURE) 


Diet 
24 : Weight gain, 
Casein, pi-Methionine, DL-Threonine, | pt-Tryptophan, = 
per cent per cent per cent per cent 
| 
9 — — — 10 
9 Oz3 — — 12 
9 = 0.36 —_ 10 
9 0.3 0.36 — 4 
9 0.3 0.36 Oat 20 


the diet of rats receiving suboptimal amounts of tryptophan and niacin. A 
similar growth retardation was induced when an amount of threonine equivalent 
to that contained in 6 per cent of gelatin was included in the low-protein 
(9 per cent casein) diet supplemented with cystine or methionine.*!: * The 
addition of either niacin or tryptophan prevented the growth retardation. 
The reversal by niacin was apparently due to its ability to spare tryptophan. 
Salmon* and Sauberlich and Salmon*? were able to induce a growth retardation 
that could be prevented only by the addition of tryptophan. The results 
shown In TABLE 6 illustrate some of these observations. No imbalance could 
be induced unless the diet was supplemented with cystine or methionine, thus 
making tryptophan limiting for growth. In this case the addition of threonine 
depressed the growth rate below that obtained with 9 per cent of casein without 
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any supplement. Thus, the addition of threonine, which was not limiting 
for growth, to a diet deficient primarily in tryptophan produced a growth 
retardation readily corrected by supplying the limiting amino acid; namely, 
tryptophan. Henderson, Koeppe, and Zimmerman*®* have demonstrated 
that similar imbalances can be produced with supplements of lysine and valine 
when these amino acids are the second most limiting amino acids for growth. 
In studies on liver fat deposition utilizing a similar diet containing niacin 
and choline, it was observed that, although tryptophan may be limiting for 
growth, threonine is limiting for the control of liver fat deposition? 3 


TABLE 7 
EFFECT OF METHIONINE ON GROWTH AND LIVER Faz OF Rats FEp 
ON 9 PER CENT CaseErn-SucrosE Diet 


Diet oe : 
8 ‘ iver fat, 
ace ber cent 
Casein, pu-Methionine, pi-Threonine, u wet weight 
per cent | per cent per cent 
9 | 0 0 | 11 10.5 
9 3 0 16 PRS 
9 0.3 0.36 20 12.0 
TABLE 8 


EFFECTS OF Amino AcID SUPPLEMENTS ON GROWTH OF Rats FED ON 
Low-PrRoTEIN Diets CONTAINING EGG ALBUMIN 


Diet 
] j Rate of gain, gm./week 
Egg albumin, pi-Threonine, pu-Valine, |1t-Lysine HCl,| 1-Histidine 
per cent per cent | per cent per cent HCl, per cent 
8 Pat | — _ 8.6 
8 1 602) | = = 14.9 
8 0.36 | 0.2 0.5 — 9.7 
8 0.36 0.2 | Ons 0.25 14.2 


In this case, as shown in TABLE 7, the addition of methionine to the 9 per cent 
casein diet caused fatty infiltration of the liver, apparently by creating a more 
severe deficiency of threonine.*® This could be very largely prevented by 
adding threonine together with methionine. ~ 

A number of examples of growth retardations that appear to have a similar 
basis have been observed. The addition of lysine to a low-protein diet con- 
taining egg albumin caused a growth depression in rats that was largely pre- 
vented by a supplement of histidine (TABLE 8)."° Ina study on amino acid 
supplementation of rye flour, Sure” found that the addition of threonine or 
threonine and lysine, which were not limiting for growth, caused a reduction 
in the rate of growth. Gessert and Phillips,” working with dogs, demonstrated 
imbalances involving lysine and methionine when these two amino acids were 
about equally limiting for growth. A similar effect of lysine has been observed 
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in rats fed on diets containing soybean proteins* and in pigs fed on corn- 
cottonseed meal or corn-soybean meal diets. 4° Pecora and Hundley*® and 
ourselves,” during studies on the deposition of liver fat, observed that various 
combinations of amino acids will produce amino acid imbalances that cause 
a depression of the growth rate of rats maintained on rice diets (TABLE 9). 
Richardson, Blaylock, and Lyman,?° in experiments with chicks fed on a 
peanut-meal diet deficient primarily in lysine, observed that the addition of 
methionine caused a growth retardation that was prevented by a small supple- 
ment of lysine. An imbalance involving valine and tryptophan was en- 
countered by Lewis, Elvehjem, and Hart* in studies with chicks. 

These examples and doubtless others that a thorough review of the literature 
on amino acid supplementation would bring to light, fit the pattern described 


TABLE 9 


Errect or Amino Acip SUPPLEMENTS ON GROWTH AND LivER Fat DEPOSITION 
oF Rats Fep ON Rice DIEts 


Diet 
| Rate of gain, Liver fat, 
Rice t-Lysine DLS ; d p gm./week per cent 
$ Cl Threonine, Essential amino acids 
ietoe! Gaaatt per cent per cent 
87 — — 8.5 33.9 
87 0.2 0.5 -- 22.0 24.0 
87 0.4 OFS — 16.0 10.6 
87 0.4 0.5 equal to 3% casein | 26.6 13.6 
87 0.4 Ons equal to 3% casein minus: | 8-12 11 
leucine or isoleucine or his- | 
tidine 
87 0.4 O75 leucine,* isoleucine, and histi- 24.8 15.0 
dine 


* Equivalent to amount in 3 per cent of casein. 


earlier; that is, the severity of an amino acid deficiency may be increased by 
providing in the diet a supplementary amount of an amino acid or a mixture 
of amino acids other than that which limits growth. In the original example 
of the niacin-tryptophan-threonine imbalance*!: ® it was observed that either 
tbreonine or a protein such as gelatin, which was deficient in tryptophan, 
could induce the imbalance. Sauberlich*® has reported a series of imbalances 
produced by adding to a diet deficient in a particular amino acid a quantity 
of a protein that was also deficient in that amino acid (TABLE 10). Under 
such conditions it appears that an imbalance can be created consistently. 
There is considerable similarity between this procedure and that used in the 
rice studies mentioned earlier,‘ 47 in which a more severe imbalance was 
induced by adding a mixture of all but one of the indispensable amino acids 
to the diet. Recently, in experiments with rats receiving a low level of fibrin,®° 
we have observed a somewhat more complex situation (TABLE 11). In diets 
containing this protein, some six amino acids are almost equally limiting, 


and various combinations of them will produce imbalances that are prevented 
onty when all six of them are provided, 
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Toward an Explanation of Amino Acid Imbalances 


Although certain fairly general criteria can be used to characterize an amino 
acid imbalance, since the final test of any scientific hypothesis is that it should 
nermit the prediction of analogous events, the characterization cannot be 
considered complete until amino acid imbalances can be created regularly 


TABLE 10 


IMBALANCES INDUCED IN Rats By ADDING NuTRITIONALLY INCOMPLETE 
PROTEINS TO Diets MARGINAL IN A SrnctE AMINO AcrID” 


Diet 
| | | | Rate of Sain, 
Peanut meal, Sal Corn, Hemoglobin, Agninate cide SOAS 
per cent per cent per cent per cent | 
35 — el | as 36 
35 et a a 20 
35 20 = — | 0.5% pu-Methionine 30 
—- | — 75 ae — 9 
i — 75 15 — 1 
— — 75 15 | 0.55% pu-Isoleucine 21 
TABLE 11 


EFFrect OF AMINO AcID SUPPLEMENTS ON GROWTH AND LIVER Fat DeEposiTION or Rats 
FEp ON Low-PROTEIN DIETS CONTAINING FIBRIN 


Diet 
Two-week weight 
| st rlal- gain, gm. 
Fibrin, pi-Methionine,| ?™ — lal AeainO acid ante 
per cent per cent per cent 
a = = 14 
6 0.4 — — 10 
6 -- 0.6 — : 
6 0.4 0.6 
6 = = Complete* ; ; 16 
6 0.4 0.6 Complete* minus: leucine, iso- 
leucine, valine, or histidine 3-8 
6 0.4 0.6 Complete* 28 
| : 


* Ingredients: 0.2 per cent L-histidine HCl, 0.2 per cent L-leucine, 0.4 per cent p-isoleucine, 
and 0.6 per cent ptL-valine. 


by satisfying those criteria. In some cases, a supplement of only 0.05 to 0.3 
per cent of the second most-limiting amino acid in the diet is sufficient 2 
retard growth. However, it is common knowledge that the growth of animals 
maintained on diets that provide inadequate quantities of certain amino 
acids is not regularly retarded when a small supplement of amino acids other 
than the most limiting one is added to such diets. A more severe change in 
the amino acid balance, such as that obtained by increasing the levels of all 
or most of the amino acids except the most limiting one, leads much more 
regularly to a depression of the growth rate. In such cases it seems quite 
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probable, since the animal must catabolize a fairly large quantity of amino 
acids that cannot be used for protein synthesis, that the over-all rate of ca- 
tabolism is increased; consequently, there is some loss of the most limiting 
amino acid, as was suggested by Salmon.** It is difficult, however, to accept 
the idea that adding as little as 0.05 to 0.3 per cent of an amino acid should 
produce such an effect. Since the level of tryptophan as well as that of 
threonine is very critical in creating imbalances in niacin-tryptophan deficient 
diets,*® it seems likely that rather subtle differences in the original amino 
acid balance of the diet may determine how extensive a change will be required 
to produce an imbalance. The extent of the change required may well depend 
upon the absolute amount of the limiting amino acid that is provided, a factor 
that would relate the effect to the rate of growth of the experimental animal. 

As to the mechanism by which this effect is exerted, the concept that it is a 
reflection of increased amino acid catabolism has been mentioned. Sure,*! 
Pecora and Hundley,** and Block e¢ al.“* observed reduced protein efficiency 


TABLE 12 


GrRowTH AND NITROGEN EFFICIENCY OF Rats FEp oN RicE Diets 
SUPPLEMENTED WITH Amino Acips*6 


] 
Diet | Gain, gm. Nitrogen efficiency,* gm. 
| 
| 
RaG etre here accel nears Seen: MEE e917 an ee eh | 9.2 6.2 
Rices- 2100/7 spi-kysine wld Ole ae se ee | 6.6 4.2 
Rice + lysine + 0.2% pt-tryptophan........... | 1.8 ee? 
Rice lysines. 64G) DiE-|eUcimel meee ie 0.8 0.6 
Rice + lysine + 1.0% pt-isoleucine....... Se 0.6 0.4 
28.0 14.4 


Rice + lysine + 1.2% pt-threonine....... 


* Gain per gm. N consumed. 


when an imbalance was induced (TABLE 12), and Sauberlich and Salmon*® 
observed some increase in the excretion of the limiting amino acid, but this 
increase was insufficient to account for the over-all effect. In our own work 
we have observed that the addition of a quantity of amino acids known to 
create an imbalance (TABLE 11) will cause an immediate decrease (within 24 
hours) in the percentage of absorbed nitrogen retained, in total nitrogen reten- 
tion, and in food consumption, as shown in TABLE 13.°° These few observa- 
tions lead to the conclusion that nitrogen catabolism, probably primarily 
oxidative breakdown, is increased when.an amino acid imbalance is created. 
A similar wastage of amino acids would be expected if a more severe amino 
acid deficiency were created directly, 


Practical Aspects 


There are so many unanswered questions concerning amino acid balance 
and imbalance that it is difficult to assess the practical significance of this 
phenomenon. Reports that the requirements for individual amino acids 
increase with increasing protein intake? may bear further investigation. Since 
a common procedure for demonstrating such effects is to increase the levels 
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of all of the amino acids in the diet except one, the same procedure that is 
used to create imbalances," it is not improbable that these observations are 
examples of imbalances in diets that approach adequacy. When the level 
of dietary protein is greatly excessive, toxic effects may be anticipated. 

It is common practice in laboratory experiments to supplement diets with 
amino acids in order to improve growth, and the beneficial effects of judicious 
amino acid supplementation are well recognized. It has been during the course 
of such experiments, however, that most of the examples of amino acid im- 
balance have been encountered, frequently by inadvertence. Supplementation 
is generally based on calculation of the percentage of deficit of the various 
indispensable amino acids, and from this a rough idea of the sequence in which 
the amino acids become limiting is obtained. In at least three instances 
we have observed that the calculated sequence is distinctly different from that 


TABLE 13 
EFFEcT OF Amino Acip IMBALANCE ON NITROGEN BALANCE* 
| Ab- 
| N | Urine N NP) corbed 
Food ss , y b- - 
intake, as ae / a sorbed, tained, ae 
gm., =i day day ee we nee 
6% Fibrin (2 weeks)............... #0) 65 (OLS 4! “SO |). 50 83 
Phenylal- | 
anine | 
Methionine? .. =... =< =< sete «> eee Sel S 2 eee an 5 SOD Ba OO) 
Histidine | 
1st day 
(Qnd PN Sn, Dae | 3.2 | 36.8 | 12.5 | 2.7 | 34.1 | 21.61 64 
TEE Shale ne inne 5.0. 654.571 15.0|, 25605429 | 39-020 71. 


* See also TABLE 11. 


obtained from growth experiments, and in the case of rice, for example, only 
the least limiting and the most limiting amino acids occupied the same posi- 
tion by both methods.” Inaccuracies in the analytical values for amino acids, 
inexactness in the estimations of amino acid requirements, and a lack of in- 
formation concerning the availability of amino acids from proteins can all 
lead to such errors. Until reliable values for all of these are available, the 
possibility of unwittingly creating an amino acid imbalance remains. 

Most of the examples of amino acid imbalance discussed here have been 
observed in rats. However, since similar results have been obtained in ex- 
periments with mice,** chicks,**: * dogs,” and pigs,**: 4° it seems likely that 
all animals are susceptible to such effects. Although no clear-cut cases of 
amino acid imbalance in man have been reported, Holt®! has cited an example 
in which an amino acid supplement caused a growth depression in a human 
infant, and Hundley et al.,°® working with adult humans, have performed some 
experiments in which they obtained some evidence for an imbalance and noted 
considerable individual variation in the response to amino acid supplements. 
It would thus seem important to investigate thoroughly the significance of 
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amino acid balance and imbalance in nutrition in order to provide a sound basis 
for decisions regarding amino acid supplementation of foods and feeds. 


On the brighter side, we may entertain the possibility that the creation of 


amino acid imbalances or toxicities will find a therapeutic use in the treatment 
of virus or neoplastic diseases.**: ** 


3. WRETLIND, K. A. J. 1950. 
. Grav, C.R. & M. Kamer. 1950. 
. Hier, S. W. 1947. 


AON RING WEIS May 1D 1S, Sion, Be ON. BAuMANN. 1952. 


References 


Wittcock, E. G. & F. G. Hopkins. 1906. The importance of individual amino acids 
in metabolism. J. Physiol. 35: 88. % 
Osporne, T. B. & L. B. Menper. 1914. Amino acids in nutrition and growth. J. 
Biol. Chem. 17: 325. é 
McCoy, R. H., C. E. Meyer & W. C. Rose. 1935-1936. Feeding experiments with 
mixtures of highly purified amino acids. VIII. Isolation and identification of a new 
essential amino acid. J. Biol. Chem. 112: 283. j ; 

Brock, R. J. & H. H. Mitcuerr. 1946-1947. The correlation of the amino acid com- 
position of proteins with their nutritive value. Nutrition Abstr. & Revs. 16: 249. _ 

OsErR, B. L. 1951. Method for integrating essential amino acid content in the nutri- 
tional evaluation of protein. J. Am. Dietet. Assoc. 27: 396. 

Fropin, N. W. 1953. Amino acids and proteins, their place in human nutrition prob- 
lems. J. Agr. Food Chem. 1: 222. 

Atison, J. B. 1955. Biological evaluation of proteins. Physiol. Revs. 35: 664. 

Hartsoox, E. W. & H. H. Mitcuerr. 1956. Effect of age on the protein and methio- 
nine requirements of the rat. J. Nutrition. 60: 173. 

Price, W. A., JR., M. W. Taytor & W.C. RussEtt. 1953. The retention of essential 
amino acids by the growing chick. J. Nutrition. 51: 413. 

Wituiams, H. H., L. V. Curtin, J. ABRAHAM, J. K. Loosri & L. A. MAynarp. 1954. 
Estimation of growth requirements for amino acids by assay of the carcass. J. Biol. 
Chem. 208: 277. 


. Etvenjem, C. A. & A. E. HARPER. 1955. Importance of amino acid balance in nutri- 


tion. J. Am. Med. Assoc. 158: 655. 


. Ervenjem, C. A. & W. A. Krent. 1955. Dietary interrelationships and imbalance in 


nutrition. Bordon’s Rey. Nutrition Research. 16: 69. 


. Ervenjem, C. A. 1956. Amino acid balance in nutrition. J. Am. Dietet. Assoc. 32: 


305. 


Harper, A. E. 1956. Amino acid imbalances, toxicities and antagonisms. Nutrition 
Revs. 14: 225. 


. Evvenjem, C. A. 1956. Amino acid imbalance. Federation Proc. 15: 965. 
. Harper, A. E., D. A. Benton & C. A. Etvenyem. 1955. 1-Leucine, an isoleucine 


antagonist in the rat. Arch. Biochem. Biophys. 57: 1. 


. Roru, J.S. & J.B. Atiison. 1949, The effect of feeding excess glycine, L-arginine and 


pL-methionine to rats on a casein diet. Proc. Soc. Exptl. Biol. Med. 70: 327. 


- McKrrrrick, D.S. 1947. The interrelations of choline and methionine in growth and 


the action of betaine in replacing them. Arch. Biochem. 15: 133. 


. Benton, D. A., A. E. Harper, H. E. Spivey & C. A. ELVEHJEM. 1956. Leucine, iso- 


leucine and valine relationships in the rat. Arch. Biochem. Biophys. 60: 147. 


- WretLinpD, A, 1956. Utilization of p-valine for growth in rats. Acta Physiol. Scand. 


36: 119. 


- RussELL, W. C., M. W. Taytor & J. M. Hocan. 1952. Effect of excess essential 


amino acids on growth of the white rat. Arch. Biochem. Biophys. 39: 249. 


. GranaM, C. E., S. W. Hier, H. K. WalrtkoFr, S. M. Sarer, W. G. BIBLeR & E. I. PENTz. 


1950. Studies on natural and racemic amino acids with rats. J. Biol. Chem. 185: 97. 


xD, KA Effect on growth and toxicity of two isomers of methionine. 
Acta Physiol. Scand. 20: 1, 
: . AME Amino acid imbalance and the growth requirements 
for lysine and methionine. J. Nutrition, 41: 89. 


\ : Influence of ingestion of single amino acids on the blood level of 
free amino acids. J. Biol. Chem. 171: 813. 


. Ricwarpson, L. R., L. G. BLaytock & C. M. Lyman. 1953. Influence of dietary amino 


Se uePi seni on the free amino acids in the blood plasma of chicks. J. Nutrition. 


} . 52 Studies on the interrelation- 
ship between methionine and vitamin Be. J. Nutrition. 46: 203. 


38. 


39. 


42. 
43. 


. HUNDLEY, J 


Harper: Balance and Imbalance of Amino Acids 1037 


. Kaunitz, H., C. A. SLANETZ & R. E. JouNsonN. 1955. Dietary casein level and B-factor 


deficiencies produced by antagonists. Science. 122: 1017. 


. Beverince, J. M. R., C. C. Lucas & M. O’Grapy. 1945. Effect of dietary protein 


and amino acids on liver fat. J. Biol. Chem. 160: 505. 


. _Kreay, W. A., P. S. Sanwa & C. A. ELVEHJEM. 1946. Effect of protein on the nico- 


tinic acid and tryptophane requirement of the growing rat. J. Biol. Chem. 162: 403. 


. Hanxes, L. V., L. M. HenpERson, W. L. Brickson & C. A. ELVEHJEM. 1948. Effect 


of amino acids on the growth of rats on niacin-tryptophan deficient rations Biol 
Chem. 174: 873. ee eae 


. Sincat, S. A., V. P. SypENsTRICKER & J. M. LittLeyouHn. 1948. Further studies on 


the effect of some amino acids on the growth and nicotinic acid storage of rats on low 
casein diets. J. Biol. Chem. 176: 1063. 


- Krent, W. A., P. S. Sarma, L. J. Teprry & C. A. Etvenyem. 1946. Factors affecting 


the dietary niacin and tryptophane requirements of the growing rat. J. Nutrition. 31: 
85. 


. Sarmon, W. D. 1954. The tryptophan requirement of the rat as affected by niacin 


and level of dietary nitrogen. Arch. Biochem. Biophys. 51: 30. 


. SAUBERLICH, H. E. & W. D. Satmon. 1955. Amino acid imbalance as related to tryp- 


tophan requirement of the rat. J. Biol. Chem. 214: 463. 


. Henperson, L. M., O. J. Koreppe & H. H. Zooerman. 1953. Niacin-tryptophan 


deficiency resulting from amino acid imbalance in non-casein diets. J. Biol. Chem. 
201: 697. 


. Suneat, S. A., S. J. Hazan, V. P. SyDENSTRICKER & J. M. Lirrrrjoun. 1953. The 


production of fatty livers in rats on threonine- and lysine-deficient diets. J. Biol. 
Chem. 200: 867. 

Harper, A. E., W. J. Monson, D. A. Benton & C. A. EtvenyEM. 1953. The influence 
of protein and certain amino acids, particularly threonine, on the deposition of fat in 
the liver of the rat. J. Nutrition. 50: 383. 

Harper, A. E., D. A. Benton, M. E. Winjye & C. A. Etvenyem. 1954. ‘Antilipo- 
tropic” effect of methionine in rats fed threonine-deficient diets containing choline. 
J. Biol. Chem. 209: 159. 


. Wrinje, M. E., A. E. Harper, D. A. BEntToN, R. E. Botpt & C. A. Etvenjem. 1954. 


Effect of dietary amino acid balance on fat deposition in the livers of rats fed low pro- 
tein diets. J. Nutrition. 54: 155. 


. SuRE, B. 1954. Relative nutritive values of proteins in whole wheat and whole rye 


and effect of amino acid supplements. J. Agr. Food Chem. 2: 1108. 

GesseErt, C. F. & P. H. Pumps. 1956. Adverse effects of some amino acid supple- 
ments in low-protein diets for growing dogs. J. Nutrition. 58: 423. 

Brock, R. J., D. W. Anperson, H. W. Howarp & C. D. Bauer. 1956. Effect of 
supplementing soybean proteins with lysine and other amino acids. A.M.A. J. Diseases 
Children. 92: 126. 


. Miner, J. J., W. B. Crower, P. R. Notanp & E. L. StepHENSON. 1955. Amino acid 


supplementation of a corn-cottonseed meal diet for growing-fattening swine. J. Ani- 
mal Sci. 14: 24. 


. Meapg, R. J. & W.S. Terer. 1956. The influence of L-lysine supplementation of 12, 


14 and 16 per cent protein corn-soybean oil meal diets upon nitrogen balance of grow- 
ing swine. J. Nutrition. 60: 609. 


. Pecora, L. J. & J. M. Hunprey. 1951. Nutritional improvement of white polished 


rice by the addition of lysine and threonine. J. Nutrition. 44: 101. 


. DESHPANDE, P. D., A. E. HARPER, F. Qurros-PEREz & C. A. ELVEHJEM. 1955. Further 


observations on the improvement of polished rice with protein and amino acid supple- 
ments. J. Nutrition. 57: 415. 


. Lewis, E. W., Jr., C. A. Ervenjsem & E. B. Harr. 1951. Studies on the nature of the 


nutritional deficiencies of wheat gluten meal. J. Nutrition, 48: 113. 


SauBerticu, H. E. 1956. Amino acid imbalance as related to methionine, isoleucine, 


threonine and tryptophan requirement of the rat or mouse. J. Nutrition. 69: 353, 


. DESHPANDE, P. D., A. E. Harper & C. A. ELVEHJEM. 1957. Amino acid imbalance 


and nitrogen retention. J. Biol. Chem. In press. 


. Hort, L. E., Jr. & S. E. SNyDERMAN. 1956. Amino acid requirements of children. Jn 


Some Aspects of Amino Acid Supplementation. : 60-68. W. H. Cole, Ed. Rutgers 


i i . New Brunswick, N. J. 
cbhbag ag Esa pecans A. G. Sampson, G. D. WuEpon, H. BAKERMAN & 


R. Inc. 1957. Lysine, threonine and other amino acids as supplements to rice diets 
in man. Amino acid imbalance. Am. J. Clin. Nutrition. 5: 316. 


1038 Annals New York Academy of Sciences 


53. GersHorf, S. N., A. F. RASMUSSEN, JR., C. A. ELVEHJEM & P.F. CLARK. 1952. Sea 
of amino acid imbalance on course of Lansing poliomyelitis in mice. Proc. Soc. Exptl. 


Biol. Med. 81: 484. ee f 
54. tie J. B. 1956. Supplementation with methionine. In Some Aspects of Amino 
Acid Supplementation. : 69-85. W. H. Cole, Ed. Rutgers University Press. New 


Brunswick, N. J. 


DISCUSSION 


J. B. ALLIson (Rutgers University, New Brunswick, N. J .): Harper has given 
us a definition for amino acid imbalance and a working hypothesis for the 
study of the imbalance that is very helpful, indeed. His excellent paper will 
be very valuable in the correction of certain misunderstandings concerning 
the concept of imbalance; at the same time, it should stimulate research to- 
ward a better understanding of this concept. 

I am particularly pleased to note the last sentence in his paper: “On the 
brighter side, the possibility may be entertained that the creation of amino 
acid imbalances or toxicities may find a therapeutic use in the treatment of 
virus or neoplastic diseases.” The toxicity of large excesses of methionine is 
mentioned, a toxicity that is counteracted under certain experimental condi- 
tions by increasing the intake of arginine and glycine or by providing gly- 
cocyamine. We believe that this relationship between methionine and glycine 
or glycocyamine at toxic levels reveals an important interrelationship that 
normally exists and that it may have therapeutic uses under stress conditions. 
For example, a dog depleted in protein reserves, when fed 0.2 gm. of casein 
nitrogen/day/kg. of body weight, was repleted very slowly at this low protein 
intake. After 28 days of repletion the plasma albumin was still low, as in 
the depleted state. Supplementing the casein diet with a small but optimum 
amount of methionine increased the rate of formation of plasma albumin. 
Adding glycine with the methionine improved the synthesis of albumin slightly, 
but supplementing with an equal mixture of methionine and glycocyamine 
resulted in a marked rise in plasma albumin even above normal values. A 
similar rise in serum aldolase was observed to accompany supplementation 
with a mixture of methionine and glycocyamine. Thus, a mixed supplement 
of this kind added to the casein diet had a specific effect upon the synthesis of 
plasma albumin in an animal still markedly depleted in other protein reserves. 

Another example of the therapeutic use of this type of supplementation 
was observed in tumor-bearing rats. A transplanted sarcoma was used for 
these studies; this sarcoma grew and depleted the animal almost independently 
of the diet. The sarcoma developed most rapidly in rats fed a 12 per cent 
casein diet deficient in methionine for optimum growth of the normal tissues. 
Supplementing the diet with methionine improved the growth of the normal 
tissues in the presence of the tumor, thereby decreasing the depleting effect 
of the tumor upon the tissues. Supplementing with methionine plus glycine or, 
sull better, methionine plus glycocyamine, resulted in maximum growth of 
the normal tissues in the presence of the tumor and made possible a chemo- 
therapeutic approach with the ethylenimines that was otherwise impossible. 
It should be emphasized that these responses to supplementation of a casein 
diet by a proper mixture of methionine and glycocyamine are observed only 
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under these conditions of stress, where the animal is depleted in protein re- 
serves. 

To return to Harper’s concept of amino acid imbalances as it might be ap- 
plied to the problem of supplementation: one approach would be to establish 
a reference pattern of limiting essential amino acids. A dietary protein that 
supplied less than the limiting amounts of one or more essential amino acids 
in the reference pattern would have a reduced nutritive value, which would be 
improved by supplementation so that the limiting amino acids would approach 
the reference ratios. To prevent an imbalance, however, the supplementation 
would have to be done by increasing the most deficient essential amino acid. 

H. E. SauBerwicn (Department of Animal Husbandry and Nutrition, Ala- 
bama Polytechnic Institute, Auburn, Ala.): For some time our laboratory has 
been engaged in studies on amino acid balance, imbalance, and interrelation- 
ships. In general, our findings would corroborate Harper’s presentation. 
Although we recognize the type of amino acid imbalance set forth by Harper, 
in our investigations we consider amino acid balance and imbalances on a 
broader scale. 

Ample evidence has been presented to demonstrate the occurrence of amino 
acid imbalances. The occurrence of such imbalances may be quite complex 
and, at times, not readily understandable. From our experience we feel 
that imbalances of probably most of the essential amino acids can be produced 
experimentally. In fact, with certain dietary conditions, relationships to 
the “nonessential’’ amino acids may be demonstrated. Imbalances may 
be produced by use of natural or modified proteins or with individual amino 
acids. The severity of certain imbalances can be altered to the point of 
death, while other imbalances may manifest themselves in effects other than 
growth depression. In certain instances the only apparent effect is in enzyme 
concentrations or in the accumulation of liver fat. Such effects have been 
observed for methionine and other amino acids, and this appears to be a 
general phenomenon associated with an intake of excess calories with relation 
to the protein level in the diet. he al. 

Various factors may influence the balance and imbalance of amino acids in 
the diet. Such factors include the type of carbohydrate or the level of fat 
employed in the diet. Several vitamin interrelationships may also influence 
amino acid balances.'* For instance, niacin may spare tryptophan; pyridoxine 
may spare methionine; and vitamin By and folacin may reduce the requirement 
for methionine. Antibiotics may demonstrate a sparing effect on certain amino 
acids. Amino acid balance may be influenced also by trypsin inhibitors, 
treatment of the proteins, and pepsin preparations. Most of these factors 
would exert an effect only in borderline conditions of amino acid sufficiency 
in the diet. i 

In addition, it should be remembered that, although analyses may indicate 
adequate amounts of amino acids in a diet, the availability or rates of release 
of the amino acids may have a bearing on the final results obtained. Such 
observations have been noted, for example, in studies on corn proteins." 

The growth depression observed from the feeding of excess amounts of single 
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amino acids in the diet usually has been considered a toxic manifestation. 
However, from systematic studies on the pD- and L- forms of amino acids, 
we feel that the effects of feeding excess amino acids often may represent an 
imbalance condition. The growth depression is a peculiarity of each amino 
acid, and is related to the diet employed. Although the feeding of excessive 
amounts of amino acids is not a natural condition, such studies may indicate 
which amino acids are suspect under practical conditions. 

The cause of the depression in growth observed when many of the amino 
acids are fed in excess is not entirely clear. Although food intake is depressed 
with certain amino acids, this does not always occur. For example, excess 
leucine may depress growth markedly, but without any apparent reduction 
in food consumption. The depression does not appear to be necessarily as- 
sociated with free amino acids in the diet, since certain amino acids fed in 
excess produce no effect. Similarly, amino acid diets with no protein added 
may be fed to weanling rats and will permit a growth rate of over 40 gm. per 
week, comparable to growth obtained with intact protein diets. Likewise, 
diets containing 80 or 90 per cent of protein may be fed to rats with no resultant 
depression in growth, yet these same diets will contain amino acids greatly 
in excess of those fed in the toxicity studies. 

When the protein level in the diet is increased, the growth depression caused 
by the excess amino acid may be reversed. However, there are differences 
in the effectiveness of the protein employed. In general, the addition of a 
specific amino acid will not reverse the growth depression. 

What is the basic cause of the imbalance phenomenon? In the case of 
amino acid imbalance studies, the basal diet may actually contain sufficient 
amounts of the amino acid under study to permit normal growth. Yet, when 
additional amino acids or certain proteins are added to the diet, that amount 
of amino acid is no longer sufficient. Why? What becomes of it? Although 
losses in the urine occur, these losses do not appear to explain completely the 
cause of the imbalance.! 

In the case of the tryptophan imbalance, the plasma level of tryptophan was 
depressed.'. In methionine imbalances, little depression in the plasma level 
oi methionine occurred.2. However, in all imbalances studied, the ratio of 
the amino acid under investigation is altered with respect to the other amino 
acids. The balance of amino acids in the plasma available for protein synthesis 
may be of high importance. When this balance is altered, passage of amino 
acids into the cells or enzymatic synthesis and equilibrium may be upset. 

Similar effects may occur when excess amino acids are fed in the diet. Usu- 
ally the amino acid fed in excess occurs free in high amounts in the plasma. 
Moreover, the level of the other free plasma amino acids may be depressed. 
Again, this represents alterations in the ratios of the amino acids available 
for protein synthesis. When increased protein levels are fed in the presence 
of the excess single-fed amino acid, the levels of the free plasma amino acids 
are brought into a more normal balance. 

For the most part, studies on amino acid imbalances have not been extended 
to the conditions of practical nutrition. Thus far, it has been necessary to use 
accentuated conditions to study and demonstrate that imbalances may exist 
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or be created. Such conditions may rarely or never exist under conditions of 
practical feeding. However, much milder and more subtle conditions may 
be noted as we look for them and gain additional knowledge of protein nutri- 
tion. Evidence of such conditions already exists in practical poultry feeding. 
As we increase the use of synthetic amino acid supplements and broaden the 
use and variety of proteins, particularly plant proteins, we may anticipate a 
greater need to study the balance of the available amino acids in the diet and 
their relationship to other interacting components. 
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ENRICHMENT OF FOODS WITH PROTEIN 


By James M. Hundley 


Food and Agriculture Organization, United Nations 


Introduction 


The purposes of this paper are threefold: (1) to describe a program of re- 
search and development being organized jointly by FAO, WHO, and UNICEF* 
that has the aim of increasing the production and consumption of high protein 
foods in underdeveloped areas; (2) to discuss a few of the principles that are 
of importance in enriching foods with protein; and (3) to mention some of the 
practical problems involved in increasing the consumption of high protein 
foods. The focus of this discussion will be on protein malnutrition in tech- 
nically underdeveloped areas. It is not intended to infer that there are no 
problems of protein nutrition in advanced countries such as the United States. 
Previous papers in this symposium have covered this aspect. However, many 
studies conducted over the past few years have made it abundantly clear that 
protein malnutrition is a major and still largely unsolved problem in most 
underdeveloped countries. Indeed, it seems that protein malnutrition is the 
most important single nutritional deficiency in the world today. 


The FAO-WHO-UNICEF Program 


There are many types of nutritional deficiency to be found in various parts 
of the world. However, the most serious of these is protein malnutrition. It 
would be superfluous to review the voluminous evidence that documents the 
existence, prevalence, and gravity of protein malnutrition in many areas. 
However, a few simple statistics may help to point up the magnitude of the 
problem. TasLe 1 lists mortality statistics from well-developed countries 
as compared to a few randomly selected underdeveloped areas. The figures 
represent a comparison of death rates for all ages and for the selected age 
groups 0 to 1 and 1 through 4 years. It will be noted that the over-all death- 
rate is higher in underdeveloped areas. Infant mortality up to 1 year is also 
strikingly higher in such countries. Percentagewise, however, the difference 
in mortality in the 1-through-4 age group is tremendous, and this represents 
the ages at which protein malnutrition is the greatest hazard. Obviously, 
many factors in addition to malnutrition are responsible for these striking 
differences. However, competent observers believe that nutritional deficiencies 
are a large factor, not only as such, but as a predisposing influence in other 
prominent causes of death, mainly infectious diseases. 

Increased production and consumption of milk have been a keystone of the 
approach of international agencies, as well as many national and local groups 
in efforts to combat protein malnutrition. There is no doubt that milk is an 
effective preventive and therapeutic agent. However, it has become clear 
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that resources in addition to milk are necessary. ‘There are many countries 
where milk cannot be produced, or where there is little hope in the immediate 
future of producing it in sufficient quantities. In some places, there are strong 
local beliefs that cow’s milk is not a suitable food for infants and young chil- 
dren. Inadequacies in transport and storage facilities, not to mention econom- 
ics, further limit the range of practical usefulness of milk in many areas of 
great need. Many of UNICEF’s programs of milk distribution are dependent 
on surplus dried milk from the United States, a source that cannot be counted 
on to be available indefinitely. Consequently, efforts have been directed 
toward finding additional resources of high protein foods that might be useful. 
Seven criteria have been evolved to select food products that might help to 
meet this need, namely: (1) they must be already available locally or be capable 
of local production; (2) they must be within the economic means of the par- 


TABLE 1* 
COMPARISON OF DEATH RATES IN VARIOUS COUNTRIES 


Death rates/1000 


Country Year 

All ages 0-1 1-4 
UISEAL CR: Poe See ew. 1953 QA 2305 16 
England-Wales........... 1953 11.4 Diss the? 
OWEMCH. ac See e cess ees 1953 9.7 10M ike 
Lge A Baek Fn ee 1950 13,0 94.1 M74 
(SPSS a DG oN re ee ee 1950 1252 111.0 1555 
(Shas Sale a EPS eee rae 1947 21.5 208 .4 49.7 
Re Salva b 2 oe ance ec 1950 14.8 106.4 24.9 
Rieticoe ress 22 eV eee, 1950 16.2 138.0 27.8 
PAT IARIOP I WS, cs ope ere-ayeye, ova 1947 13.4 53.8 il fen 


* Reproduced from the Demographic Yearbook, United Nations (1955). 


ticular population group either to produce or to buy; (3) they must be easily 
transportable and have a long storage life without refrigeration under conditions 
of heat and humidity; (4) they must be completely free of any toxic or other 
deleterious influence; (5) they must have characteristics of taste, odor, or 
physical properties that will make them acceptable food products; (6) they 
must have such nutritional values as to be effective protein supplement; and 
(7) they must be products not already being utilized maximally as human food. 

On the basis of these criteria, six foods have been selected for study. In 
their approximate, probable order of potential usefulness, these are: meee 
flour, (2) soy products, (3) peanut flour, (4) sesame flour, (5) cottonseed ae 
and (6) coconut protein. Many others could be added to this list, but ave 
been eliminated for the time being, either because their nutritional properties 
are not well known, because the amount of the raw material is too small on . 
world basis, or because they cannot be produced economically in the geographic 

i interest. 

ae Pee baie: of reasons for special interest in each of the above prod- 
ucts. Fresh fish are available in many of the underdeveloped areas, and avail- 
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able statistics indicate that the production of fresh fish could be expanded very 
substantially. However, lack of transport and refrigerated storage prevents 
wider distribution and use of this valuable protein food. The usual methods 
of preservation such as canning or freezing are too expensive for the groups of 
greatest nutritional vulnerability. Smoking and drying offer some possibilities, 
but fish so processed do not have a long storage life under tropical conditions. 
Recently, several processes have been developed by which either fresh fish, or 
dehydrated fish meal, can be defatted, deodorized, and finished as an almost 
tasteless, odorless, nearly white flour. The deodorization step can be omitted 
for groups that prefer a fishy taste in their foods. These fish flours retain the 
high biological value of the starting material; they are very stable in storage; 
and they can be incorporated into bread, into other cereal products, or into 
soups or stews with excellent acceptability of the resultant food." Since these 
flours contain 70 to 80 per cent protein, relatively small amounts are needed to 
supplement children’s diets. It is estimated that fish flour can be produced 
for as little as 12 to 13 cents/Ib. On this basis a supplement of 10 gm. per day 
(about 8 gm. of animal protein) would cost only about one fourth of one cent 
per day per child. 

A number of national and commercial groups are now attempting to develop 
and exploit fish flour. With respect to the international agencies, FAO has 
encouraged and stimulated the development of suitable processes to produce 
this substance. UNICEF has entered into an agreement with the government 
of Chile to install a fish flour plant in that country, and it is expected that this 
plant will be in operation about September 1957. Fish flour produced by the 
process to be used in Chile has an excellent biological value, has been found 
completely safe, and has excellent acceptability.!. In Morocco, a process is 
being developed to produce fish flour under commercial auspices. It is esti- 
mated that sufficient flour can be produced to supplement the diet of 250,000 
school children without interfering with the normal commercial uses of fish 
for edible purposes? In South Africa, where a fish flour for human consump- 
tion has been under development for some time, it is estimated that 300,000 
tons of fish can be diverted annually from animal to human use when the pro- 
gram is fully developed.? Many other countries are also attempting to increase 
the consumption of fish and fish products. 

Soybean products are of unique interest, since properly prepared soy prod- 
ucts have a biological value closer to that of animal proteins than any other 
commonly used vegetable protein. Furthermore, among the various products 
to be studied, only soy has been prepared as an acceptable liquid food for in- 
fants. TABLE 2, from the work of Bricker, Mitchell, and Kinsman,’ illustrates 
the high biological value of soy. It will be seen that soy flour is almost equiv- 
alent to milk as judged by its ability to support nitrogen balance in young 
women. The value of soy in supplementing white wheat flour is also shown. 
These data apply to adults who have a lower requirement for protein and amino 
acids than infants or children. However, soy “milk” has been known for 
many years as a food that is capable of sustaining satisfactory growth in in- 
fants and young children, Although there are still some uncertainties as to 
how completely satisfactory soy milk is for normal young infants, present 
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evidence certainly indicates that it has a biological value unique among the 
common vegetable proteins. Soy milks are produced commercially in the 
United States and several other countries. UNICEF, in cooperation with 
FAO, have been assisting for some time in installing a soy milk plant in Indo- 
nesia. This plant, it is expected, will have begun operations in May or June 
of 1957, and its product will supplement the very limited local production of 
cow’s milk and that which now must be imported. 


TABLE 2* 
PROTEIN REQUIREMENT FOR YOUNG WOMEN 


Protein a, 
AE. se esc patetens ESI is eee cr 40.0 
VUE SM ESSE RSL ce ee en ee ee er 69.0 
SESE TOTES ee eae ie rene re Ae 43.3 
Biel eee DEL HOU S eee cf nF eae . s POks heies 50.4 
iM eeewietQrichs De twwe mee ee Se bone ot | Ae oO eB ein. oe 46.0 


* Reproduced by permission from Bricker, Mitchell, and Kinsman.* 

7 Thirteen per cent soy flour ~ 36 per cent of nitrogen. 

t Included egg, ground beef, soy-wheat biscuit, vegetables, and fruit (about 55 per cent 
animal protein). 


(RABI 53" 
WoRLD PRODUCTIONT OF OILSEEDS IN 1954 


Metric tons 
eer MEC EES Eee eRe ee ase ol cite Dee, sive ers oer 54, 600, 000 
BADEN A MSE Aas a re ai ayn oo Wein. «+ anclas'e, w yoke ge gE eae 19, 500, 000 
(SURG SET ee oie 5 Waa Sa eee aoe eee 13, 700, 000 
EOIN ES 0, Mars TE Neer ae Pn wicie aon a/c dna Sue Me eI 10, 600, 000 
(SaaS a0] 1g} ere oe ge Oe een eo 2,850, 000 
reece TELE ey RIE CN Seat Nae ot SAS we hte gn aS Pe suas Po 1, 800, 000 
Ae ERET SEEN Smee et POTN seperate 8.0 Cc uo ys Seer Epes oe 1,000, 000 


* Reproduced from the Statistical Yearbook, United Nations (1955). 
+ All figures exclude the Union of Soviet Socialist Republics. 
t Includes soybeans, cottonseed, sesame, rapeseed, linseed, peanuts, and sunflower seeds. 


Peanuts, sesame, cottonseed, and coconut are of particular interest since 
ordinarily they are processed for their oil and the protein-rich press cakes, 
by-products of the oil production, are used mainly for animal feed or for fer- 
tilizer. If it is economic to use these materials as animal feed or fertilizers, it 
certainly should be economic to use them as human food if carefully controlled 
processing would produce, in fact, a food suitable for human consumption. 
TABLE 3 indicates the very large volume of these press cakes produced annually. 
If even a portion of this production could be diverted to human use, a sub- 
stantial contribution might be made. | 

However, relatively little is known about these press-cake proteins as human 
food, although in one form or another most of them have been used in human 


1046 Annals New York Academy of Sciences 


dietaries to some extent. There is a large amount of literature on the nutri- 
tional values of these press-cake proteins as determined by chemical analyses 
and animal studies. Unfortunately, many of the data are difficult to interpret, 
since these proteins are known to suffer nutritional damage if excessive heat 
is used in processing, and the precise conditions of production are usually not 
stated. Moreover, there is the ever-present difficulty of translating animal 
experiments to man. 

These and many other factors made it clear that a considersble amount of 
research and development would be necessary to evaluate fully the usefulness 
of these high protein foods as supplements to various types of human diets. 
Fortunately, a grant of funds from the Rockefeller Foundation, New York, 
N. Y., has made it possible to start the necessary research, and funds are avail- 
able from UNICEF to procure the food products needed. With these re- 
sources, a coordinated plan of research and testing is being developed by FAO, 
WHO, and UNICEF which, it is hoped, will lead to the increased utilization 
of these high-protein foods in areas where needed. It should be stated that, 
even though this program has a world-wide target, there are no illusions that 
it will alleviate all existing protein malnutrition. It is simply one approach 
that may make some contribution to an extensive and difficult problem. 


Principles 


In designing this coordinated plan of research several principles that seem 
worthy of mention have emerged: 

(1) Any food product to be studied must be well identified and reproducible. 
It must be produced by a process the complete details of which are known. 
Thus it is hoped that facts accumulated about a product can develop into a 
systematic body of knowledge that can be interpreted and extrapolated to 
assist in solving local problems in many different areas of the world without 
repetition of all of the experimental and developmental work. If the product 
is standardized, and if successive batches have essentially the same composition 
and nutritional characteristics, the accumulated basic knowledge about the 
product should permit application to a variety of problems. 

(2) The product must be produced by an open process that is commercially 
feasible and ‘that can be duplicated in underdeveloped areas. Obviously it is 
of little value to study a product produced by an elegant laboratory method 
that could not be used in underdeveloped areas, nor is it of much value to 
study a food produced by a “secret” process that could not be used freely in 
the areas of need. 

(3) The food must be characterized as to chemical composition and biological 
value, and it must be shown to be completely safe prior to testing in human 
subjects. Studies of biological value and safety should be conducted in more 
than one species of animals except where similar products have already been 
relatively well studied in these respects. 

(4) The food must have such a protein and amino acid content as to make it 


a useful protein supplement to one or more types of “‘poor” diets in under- 
developed areas. 
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(S) This content must be confirmed by actual tests in human subjects. A 
considerable body of knowledge is accumulating on the protein and amino 
acid requirements of various age groups, from which it may be possible to pre- 
dict the value of protein supplements, but there is at this moment no substitute 
for the direct test. Parenthetically, it might be noted that FAO will publish 
shortly a summary of available knowledge on predicting protein requirements 
on the basis of the amino acid requirements of man and the amino acid com- 
position of the foods in question. 

(6) The product should offer special possibilities as a practical supplement 
for infants, preschool children, and mothers, since these are the most vulnerable 
groups. 

(7) The product should be shown to have good storage properties under 
simple conditions for as long as one year. 

The initial objective of the program is to locate at least one source for each 
type of high protein product and to produce a batch under carefully defined 
conditions, following the principles enumerated above. This batch would be 
carefully studied as to composition, biological value and safety in animal 
studies, and biological value in man. As soon as the true nutritional value 
and safety of the food was known, assuming its satisfactory values, then it 
would be made available as widely as possible to research groups in under- 
developed areas and elsewhere for study as to its ability to prevent or cure 
protein malnutrition when used as a supplement to various types of local diets. 
In many instances it may be desirable to use combinations of these foods as 
supplements, depending on local circumstances and the nutritional values of 
the foods. Should these initial studies indicate the usefulness of a given prod- 
uct or products, additional quantities of essentially the same material could 
be procured with a reasonable assurance that it would have the same properties 
as the original batch. 

As data and experience accumulate with these foods it should be possible 
increasingly to predict the solution to other local problems of protein mal- 
nutrition, always subject, however, to the practical problems of food habits 
and preferences. 

The next objective might be to establish a facility in the country concerned 
to manufacture the product for local consumption, a procedure in which 
UNICEF is interested and is uniquely able to assist. The program has al- 
ready reached this stage with two of the products, namely, fish flour and soy 
milk. The success of these two projects will undoubtedly determine whether 
similar projects will be started elsewhere. 

While the initial approach is being built around single, standardized, repro- 
ducible products, this, of course, does not rule out the later inclusion of prod- 
ucts with improved biological values or with special physical or physiological 
properties designed to meet special needs. However, knowledge accumulated 
in the initial studies should speed materially the practical use of these newer 
products. Indeed, it seems quite likely that the best protein supplements may 
prove to be, not single protein foods, but combinations of foods. The ability 
of proteins to supplement one another is well known. 
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With some of the food products it may not be possible initially to procure a 
product with the desired specifications. This has been true with coconut. 
However, FAO has received information very recently that a process known as 
the Hiller process is being used in the Philippines to produce a 20 per cent pro- 
tein material that is employed to enrich bread and other cereal products. he 
protein content of coconut press cake is much lower than that of the other 
press cakes, and relatively large amounts would be required as a protein sup- 
plement, even for children. To the best of my knowledge, a practical process 
to concentrate the protein has not yet been developed. Some difficulties are 
also being experienced with sesame. For a number of reasons it is desirable 
to use dehulled sesame seed to produce a low fat sesame flour. A practical 
commercial method to remove the oil from dehulled sesame seed has not yet 
been found. A considerable amount of technological and developmental 
study may be required to produce products with optimal values as human food. 

Certain technological difficulties inhibit the use of some of the other products, 
but these problems do not seem to be insuperable. They center chiefly about 
the difficulty of producing a press cake with a fat content sufficiently low to 
give good storage stability without using so much heat that the protein is 
damaged. This is a particular problem in using screw or hydraulic presses, 
which are the usual types of equipment already existing in many underde- 
veloped areas. For economic and other reasons, the first objective in com- 
mercial practice is to get the maximum oil yield. To accomplish this, rather 
high cooking temperatures may be used and these may damage the protein in 
the press cake. 

This, in very brief simplified outline, is the plan as it now exists. There 
are, however, some other principles and problems encountered in protein 
supplementation that deserve comment. 

Ideally, advantage should be taken of the voluminous data on the feeding 
of various types of proteins and protein concentrates to animals as a short cut 
to correcting inadequate human dietaries. However, as mentioned earlier, 
there are many difficulties and pitfalls in this process. For example, the first 
limiting amino acid for many proteins in animals is methionine. In man it is 
more often another amino acid, lysine. In animal nutrition, the nutritional 
improvement of soybeans by moderate heating has been known for many years. 
In man, however, there is very little information from which to determine the 
amount of heat necessary maximally to improve the protein value of soy pro- 
tein. In growing animals the limiting amino acids in rice seem to be lysine 
and threonine, both to about an equal degree.? Yet in adult man lysine seems 
to be the only limiting amino acid, and even then only in certain subjects.® 
In growing animals the difference in biological value between white wheat 
flour and milk is very striking. In adult human subjects the difference is 
relatively small, as shown in TABLE 2. Most animal experiments are designed 
to produce a ration on which the greatest amount of lean tissue can be pro- 
duced at the least cost in dietary protein. This may be a desirable objective 
in human protein supplementation as well, but it is hardly practicable. Since 
human beings inevitably vary in what they select to eat, or what they may be 
fed by their parents, and since young children and adults often eat essentially 
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the same food, it is necessary to design human diets with a considerably greater 
margin of safety than is needed with growing pigs or chickens, for example. 
On the other hand, the protein and amino acid requirements of growing ani- 
mals and man do correlate fairly well.’ Certainly, many lessons and leads can 
be derived from animal studies but, as emphasized earlier, there is no substitute 
for the direct test in man. 

Another point in comparing experience in animal feeding and human feeding 
arises from the fact that most animal rations are developed by substituting a 
portion of the protein with another protein that may give a higher protein 
efficiency and thus permit a lower or less expensive level of protein in the diet. 
In diets for humans, on the other hand, we usually must be content, from the 
practical standpoint, with trying to add more protein to what they may already 
be receiving from their customary diet. This brings up a very important 
question in working with protein supplements in protein-poor diets: If the 
initial protein intake is low and poor in quality, can protein adequacy be 
achieved if enough of almost any protein material is added, or must the amino 
acid pattern be balanced to reach protein adequacy? There is much evidence 
on this point in animal experiments suggesting that, if the protein supplement 
is very unbalanced in amino acids, then more harm than good may come from 
the supplement. On the other hand, if the protein is only moderately deficient 
in a few essential amino acids, then protein adequacy generally can be achieved 
by simply increasing the intake of protein. In man there is relatively little 
information on this point, and there is probably no certain, categorical answer. 
We know that nitrogen equilibrium can be attained in adults with lysine-de- 
ficient white wheat flour if the protein intake is increased sufficiently (TABLE 2). 
We know that peanut flour, which is deficient in both methionine and lysine, 
can promote nitrogen retention in adults if enough is used, although about 2.2 
times as much peanut protein is needed as for animal protein.’ We know that 
infants can retain nitrogen and grow rather satisfactorily on soy milk, which 
is relatively deficient in methionine. However, soy milk provides a consider- 
ably higher ratio of protein to calories than human milk, and this may com- 
pensate for the relative insufficiency of amino acids. 

I wish to offer some evidence that, under certain circumstances, nitrogen 
retention may be promoted in adults simply by increasing the supply of non- 
essential amino acids, even with diets very low in protein entirely from vege- 
table sources. The subject whose data are shown in FIGURE 1 was a normal 
young man subsisting on a diet adequate in calories (47 cal./kg. of body weight) 
and other nutrients except for protein, which was supplied at a level of only 
26 gm. per day. Of the protein, 70 per cent came from rice (250 gm. per day) 
and 30 per cent from fruit. There was no animal protein in the diet except 
about one half gm., which came from butter or margarine. Each of the vertical 
bars corresponding to one metabolic period consisted of 6 days, y that the 
entire experimental period depicted in this figure lasted about 2'4 months. 
The figure is a conventional plot of N balance in which the shaded bars above 
the zero line represent negative balance and the open areas below the zero line 
represent positive balance. It will be noted that this subject went into marked 
negative balance initially, came into mild positive balance with certain amino 
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acid supplements (which are not the point of this presentation), and then re- 
verted to zero balance when the supplements were withdrawn. How ce ee 
attention is directed to the last two experimental periods, when a mixture o 
nonessential amino acids was added. You will note the definite and statisti- 


NITROGEN GRAMS 


4 6 8 10 12 14 16 18 


METABOLIC PERIOD 


FicurEe 1. Metabolic periods are 6 days each. The data are plotted as average 24-hr. 
values for each period. Periods 1 to 3 and 16 to 17 (not shown) were ona control 85 gm. pro- 
tein diet. N intake is plotted from the zero line to the bottom of the shaded area. The 
bottom shaded area is stool N; the top shaded area is urinary N. Shaded areas above the 


zero line represent negative N balance; open areas below the zero line represent positive 
balance. 


cally highly significant shift into positive balance. A similar observation was 
made in a second subject. Under the conditions of our experiments, just as 
great a response from nonessential amino acids was obtained as from a mixture 
of the 8 essential amino acids which supplied an equal amount of nitrogen. 
This work is described more fully elsewhere.* 

It is, of course, not new that only a small portion of man’s need for nitrogen 
must be supplied in the form of essential amino acids. This has been shown 
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very clearly by the work of Rose? and of many others. However, it was a 
surprise that a subject subsisting on only 26 gm. of protein from vegetable 
sources would respond simply to additional nonessential nitrogen. An analysis 
of the diet as shown in TABLE 4 suggests the reason for this. The rice-fruit 
diet supplied more than Rose’s minimum! of all the essential amino acids 
except methionine and cystine, and possibly lysine. The figures shown in the 
first column are calculated for total amino acid content of the diet and should 
be reduced perhaps 10 to 15 per cent to allow for digestibility, which would 
make lysine borderline in amount. However, since individual subjects show 
a considerable variation in their requirement for individual essential amino 
acids, it seems quite possible that this subject was receiving sufficient amounts 
of all the essentials and therefore had need only for additional nitrogen so that 
the essentials could be spared for their irreplaceable function. 


TABLE 4 
AMINO ActD REQUIREMENTS OF MAN VERsus RICE-FruIT DIETS 
Subject W.M. 


| Rose’s 
Amino acid 250 gm. rice diet* 
(gm.) Minimum (gm.) Safe (gm.) 
HE CASE eer ea ES te ee ais 0.90 0.80 1.60 
Threonine........ ‘pal eee 1.00 0.50 1.00 
Methionine (+ cystine)............| 0.98 TKO) 2.20 
PEEVE Eprints td +. eee see. 0.34 0.25 0.50 
Phenylalanine (+ tyrosine)......... 2.61 1.10 2.20 
HECLIC INC: Seana ne aS eh ee Delt 1.10 2.20 
Reg lercrd cee vets Aes Bes 1 .26 0.70 1.40 
WET ey Cie nek ar a ee ee 1253 0.80 1.60 


* These calculations were made from standard literature values for rice and, for the re- 
mainder of the diet N, amino acid composition similar to vegetable leaf proteins is assumed. 


I do not wish to generalize from these very limited observations except to 
this extent. If, in a diet as low in protein as the one used in these experiments, 
the predominant need is simply for more available nitrogen, essential or non- 
essential, it would seem to follow that “‘almost any” protein, well balanced or 
not, would assist in attaining adequate protein nutrition. Obviously, the 
situation with infants and young children might be quite different because of 
their higher requirement for protein and amino acids. Additional experimental 
evidence on this point is badly needed. Not only may the age group make an 
important difference, but the previous nutritional history of the individuals 
may also be a critical factor. Subjects who have been depleted of protein 
are known to retain protein avidly, if given the opportunity, and might react 
quite differently from subjects with a previously adequate protein intake. 
A second point is that one cannot consider the possible effectiveness of the 
protein supplement without considering the adequacy of the rest of the diet. 
Obviously, little would be gained if the protein deficiency were corrected only 
to precipitate beriberi, pellagra, or some other deficiency through the increased 
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growth and metabolism permitted by the protein. Nor is it efficient to add a 
protein supplement to a diet if some other deficiency such as calories, vitamins, 
or minerals limits the effectiveness of the protein supplement. It is easy to 
show in animal experiments that the diet must be adequate in all essential 
nutrients if a protein supplement is to exert its full effect. A simple example 
is shown in TABLE 5." With the growing rat, a white wheat flour diet was 
improved not at all by a supplement of vitamins. It was improved only a 
little by a good protein supplement. However, vitamins and the protein 
supplement together gave a marked growth response. All of these diets were 
supplemented with minerals so that protein and vitamins were the only limit- 
ing factors. 

A third point concerns the criteria to be followed in determining the effec- 
tiveness of protein supplements. A number of techniques are available: 
nitrogen balance in adults, growth in school-age children, the prevention and 


TABLE 5 
GROWTH OF RATS ON WHEAT FLOUR DIETS WITH VITAMIN 
AND PROTEIN SUPPLEMENTS 


Diet Supplement Pig eineg S.E. 
ivan Viera WWE, | — | eh a OSS 
White Wheat Flour........... Vitamins | 1.6 4 0.15 
White Wheat Flour...........| Six per cent dry skim milk 42 ee 0530 
Wihites\Wiheat 2 lownaeee se Vitamins + 6 per cent dry skim NMS) Se (OSU) 

milk | 


The rats were weanling National Institutes of Health strain black rats. The growth pe- 
riod was four weeks. Each group contained ten rats. An adequate mineral mixture was 
added to all diets. The wheat flour contained 1.6 per cent N. The vitamins added were 
niacin, thiamine, and riboflavin in amounts to simulate commercial enrichment. 


cure of protein malnutrition, nitrogen balance in young children, growth and 
nitrogen balance or other measurements in infants are the most commonly 
used. Each of these has certain virtues and limitations, advantages and dis- 
advantages. _ All have pitfalls. 

Growth measurements in school-age children who receive their supplement 
through school or other institutional feeding is a very common approach to 
the problem. In theory, this is simple, since the experiment can be done on a 
“captive” group and with large numbers of children. In practice the approach 
has been disappointing. There are examples in the literature where this 
technique has demonstrated benefit from a particular scheme of feeding. 
On the other hand, the scientific literature and the unpublished notebooks of 
many Investigators are replete with examples of negative or inconclusive 
results. This has been true even in underdeveloped areas where protein 
malnutrition is prevalent, and there has been every reason to expect a measur- 
able benefit from the supplement used.!2. There are probably many explana- 
tions for these failures. Certainly malnutrition exists in school-age children 
and certainly it can be corrected. However, it may be that children suffering 
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from malnutrition are so thinly scattered among children whose growth 
cannot be improved that the technique is not sufficiently sensitive to detect 
an effect. Or, as seems quite possible to this observer, by the time children 
reach school age many of them have their growth pattern fixed, and only a 
few are capable of responding to improved protein nutrition. Certainly, 
insofar as protein malnutrition is concerned, we know that this is first and 
foremost a problem of the preschool-age child. Older children may suffer 
from inadequate protein nutrition, but surely not to the extent of the younger 
child. In animals it can be shown that restriction of growth through diet 
inadequacy during the early growth period leaves a permanent mark. When 
such animals are given adequate food later in their growth period, they respond 
with increased growth, but never catch up with their litter mates who received 
a continuously adequate diet.!® Data of this kind in children might do much 
to clear up some of the uncertainties in growth experiments in children. 

Among other techniques, nitrogen balance in adults has been widely used, 
and it certainly provides useful information. However, as others have dis- 
cussed thoroughly, one cannot equate nitrogen balance and adequate protein 
nutrition.“ Furthermore, nitrogen balance in adults does not necessarily 
indicate what may happen in infants and children who are the primary targets 
of protein supplements in underdeveloped areas. Nitrogen balance in young 
children is a valuable technique, but it is notoriously difficult since it requires 
a degree of voluntary cooperation that is hardly expected from children of 
this age. 

In recent years, studies on the cure of kwashiorkor and prekwashiorkor have 
been developed to the point where this seems one of the most straightforward 
and valuable techniques for evaluating protein supplements. Certainly, if a 
protein supplement has the ability to cure advanced protein deficiency, it 
seems a reasonable assumption that it would prevent it. There is the oppor- 
tunity to study the protein, not only during the initiation of cure, but during 
the maintenance of cure as well. This approach also offers the opportunity 
to study the supplementary value of a protein directly in the population 
involved, rather than in the remote recesses of some academic institution. 

Growth studies in young infants on formula diets also offer many advantages. 
While there are certain humanitarian considerations that require careful 
consideration, such studies are relatively quick and inexpensive. They 
yield precise information on the limits to the nutritional value of proteins. 
Since infancy is the time of the highest need for protein and amino acids, these 
studies also constitute one of the most severe tests to which a protein may be 
put. Unfortunately, there are only a few centers where such studies are under- 


taken. 


Practical Aspects 


The problem of selecting and testing a protein supplement is simple compared 
to that of getting the protein into established use in a population. Two 
basic techniques of protein enrichment are available: involuntary and volun- 


tary. 
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Nhat might be defined as involuntary enrichment is commonly practiced in 
the United States and other countries. The enrichment of bread with dry 
milk solids is a well-known example. This technique is effective only where 
there is a well-developed commercial distribution of a staple food that is a 
suitable vehicle for the protein. The recipients of the protein supplement 
generally are unaware of its presence even though it is so stated on the label, 
and even though there may be much propaganda trying to promote the product 
on the basis of the enrichment. Nevertheless, the technique is effective since 
it can be adopted, promoted, and subsidized if necessary to get the protein 
into people. School or other institutional feeding is another common technique 
of involuntary enrichment. 

Two aspects of involuntary enrichment are commonly overlooked by nutri- 
tionists. One is that a protein supplement may be desirable and may find use 
because of the physical properties it may impart to the product. This is the 
primary reason that dry skim milk is so widely used in white bread in the 
United States, even though the nutritionist would like to believe otherwise. 
It imparts a consistency and texture that the customer likes. Another example 
is cottonseed flour—one of the products that is being studied in the FAO- 
WHO-UNICEF program. Insofar as this observer is aware, the only country 
in the world where cottonseed is widely used as a human food is in the United 
States, where it is probably needed the least. Again, this protein supplement 
has found an established use because of the color and physical properties it 
imparts to certain products—not for nutritional reasons. The second aspect 
of enrichment, one often overlooked, is the problem of formulation. Lysine 
and methionine are often the shortest amino acids in these protein supplements, 
and both are rather sensitive to destruction by heat under certain circum- 
stances. Their concentration in the protein may be further reduced by 
cooking, baking, or other forms of heat, especially in the presence of free sugar. 
Accordingly, it is not sufficient to know that a protein supplement has the 
requisite nutritional values; one must also know that it retains these nutritional 
values in the product of which it becomes an ingredient. 

The second technique of protein enrichment is voluntary enrichment. 
This is far more difficult than involuntary enrichment. The problem is not 
insurmountable, but the solution may take many forms. Advantage must be 
taken of local food preferences, habits, and developed tastes and attitudes 
about food. Ideally, the product might be produced and consumed simply 
because the people liked it. Practically, this seldom happens, and it never 
happens quickly. Patient, persistent propaganda and promotion, often aided 
by economic subsidy, may be necessary until people acquire a taste and develop 
a demand for the food. Since the complete development of this technique of 
enrichment invades the fields of agriculture extension, gardening, home econom- 
ics, sociology, economics, and other esoteric subjects about which this observer 
knows little, the discussion will be terminated at this point. 
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DISCUSSION 


NEVIN S. ScrRIMSHAw (Pan American Sanitary Bureau, Regional Office for 
the Americas of the World Health Organization, and Institute of Nutrition of 
Central America and Panama (INCAP), Guatemala, C. A.): Protein malnutri- 
tion is now recognized as a major problem for most of the world’s so-called 
underdeveloped areas, which embrace a large part of the earth’s surface and 
its population. WHO, FAO, and UNICEF are all actively trying, within 
the limits of their resources, to do something definite and helpful about this 
problem. James M. Hundley has very ably reviewed the principal protein- 
rich foods that might be made available in sufficient quantity to be of practical 
value. He has also outlined some of the problems of standardization, biological 
testing, and commercial production that make the evaluation of these sources 
relatively slow and painstaking and that require well-trained personnel and 
laboratory facilities not ordinarily available in the areas where special protein 
supplements are most needed. The help of the above-mentioned specialized 
agencies of the United Nations and the grant from the Rockefeller Foundation 
to the National Research Council to further this work are serving an urgent 
need. 

I also call attention to the principles that Hundley has clearly presented 
and that must be followed in developing supplementary foods for large-scale 
feeding to human populations. These principles are essentially those elab- 
orated by the Conference on Human Protein Requirements and Their Fulfill- 
ment in Practice held in Princeton, N. J., in June 1955 and sponsored by the Food 
and Agriculture Organization, the World Health Organization, and the Josiah 
Macy Jr. Foundation,! and later rephrased by the WHO Protein Advisory 
Committee and accepted by the three international organizations concerned 
with the problem, WHO, FAO, and UNICEF. The principles in question 
serve to ensure an orderly and technically sound procedure for developing the 
proposed protein-rich supplements and to protect both the international 
organizations and the people of the so-called underdeveloped areas from 
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inadequately tested products. They should be adhered to by all aspiring to 
contribute to the solution of the world problem of protein malnutrition. 
Hundley mentioned the variability of plant products, a factor that plagues 
all of us who are trying to standardize and test vegetable protein mixtures. 
A vegetable mixture such as that already presented by Béhar,’? which contains 
50 per cent corn, may vary, not only in the total amount of protein supplied 
by the corn, but also in the amounts and proportions of the essential amino 
acids contained in this protein. This is shown graphically in FIGURES 1 and 2. 
Biochemically speaking, corn is a highly variable food; varieties grown within 
the same town in Guatemala may vary from 7 to 12 per cent protein, and the 
protein of the latter variety may also be greatly superior to that of the former.? 
A few years ago, we had no satisfactory way of determining from analytical 
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figures which. combination of higher and lower values for the various essential 
amino acids represented the better net protein value. The concept of a refer- 
ence amino acid pattern proposed by the Committee on Protein Requirements 
of FAO! and discussed by Allison® has been tremendously useful, although it is 
admittedly still a first approximation; conclusions drawn from it should be 
confirmed by biological trials. Plotting varieties of corn as in FIGURE eB 
makes it possible to estimate the relative importance of the several essential 
amino acid deficiencies, as well as to compare two varieties of markedly cafierehit 
eu ars eee In this case, the higher protein corn has a lower score 
Cé it 18 lower in tryp é 2 tote f ni i 

ae cea is Lear the total amount of nitrogen retained 
: Tne 1 shows some recent results of very considerable interest. Two 
oe ae i years old, recovering from kwashiorkor, were given the 

/egetable Mixture 8 described by Béhar, not as the sole source of 


protein, but as 70 and 60 per cent, respectively, of the total protein; the rest 
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of oe protein was furnished by corn and beans as ordinarily consumed. After 
¥ 5-c A x . a of . ee ‘ 
a 5-day period during which nitrogen balance was determined, the protein of 
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CORN SELECTIONS 
Ficure 2. Nitrogen and certain amino acids in several Guatemalan white corns. Repro- 
duced by permission of INCAP. 
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Ficure 3. Amino acid content of corn compared with reference pattern. Reproduced 
by permission of INCAP. 


of the vegetable mixture was replaced by that of milk, and the nitrogen balance 
study repeated. In both children the amount of nitrogen absorbed when 


milk was a major protein source was greater, but the total retained was less. 


The diet with the vegetable mixture resulted in the retention of 50 per cent 
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more nitrogen in one child and 63 per cent in the other than when milk was 
given. J 

Of course these studies must be repeated on additional children, but it appears 
that 38 per cent of protein from sesame and 12 per cent of protein from cotton- 
seed meal very favorably altered the total value of the protein in a diet in 
which nearly all of the rest of the protein came from corn and black beans. 
Perhaps the value of supplementing predominantly vegetable diets, the protein 
content of which is low in biological value, with other vegetable proteins has 
been underestimated. 

Whether or not there is a place for supplementation with synthetic amino 
acids can be determined only by further studies. However, Gémez* has 
presented very interesting data showing that nitrogen retention in children 
is improved when tryptophan and lysine are added to a bean-and-tortilla 
diet. As Gyérgy pointed out in his earlier comments, we have recently reported 


TABLE 1 
NITROGEN BALANCE COMPARISONS OF MrxEp DIETS 


Prot./kg. Cal/kg. | N Abs. % | NRet,% | ME i 
IDE Yyatiils IMIS Sc oc on 4.7 132 68 25 189 
Diet with Mil keer ee 4.6 130 76 17 126 
Wf OMe ie Wallen We Sc co oe 4.4 106 59 18 122 
if Die tea cvatts ies Vig Ree 5.9 104 73 12 75 


* 17 kg. male. 
+ 18.6 kg. male. 


Reproduced by permission of INCAP. 


that the addition of methionine in the amount apparently called for by the 
reference amino acid pattern resulted in a decrease, rather than an increase, 
in the nitrogen retention of young children on a corn diet already supplemented 
with tryptophan and lysine.” Nevertheless, the addition of these two amino 
acids, in the proportions suggested by comparison with the reference pattern, 
had previously resulted in a very significant increase in nitrogen retention, as 
in the cases presented by Gémez. Our results not only confirm the point made 
by Harper in his talk and by Gyérgy in his comments, that amino acid supple- 
mentation may result in imbalances that do harm; they also show that, when 
such imbalances are avoided, striking increases in nitrogen retention can be 
achieved. Whether this is a feasible method of improving the quality of diets 
in which the protein is of low biological value remains to be established. It is 
clear, however, that we should try to learn as much as possible about amino 
acid imbalances by studying the effects of both food combinations and of the 
addition of synthetic amino acids to human diets. 

The protein that can be obtained from fresh green leaves is an interesting 
potential source of protein of good biological value for human nutrition 
that has not been mentioned in this monograph, and it is one that may 
some day assume great importance. Leaf protein is known to have a good 
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amino acid balance and, with favorable light, soil, and water conditions, 
the yields per acre can be enormous. The simple extraction method and the 
figures presented by N. W. Pirie of England merit serious consideration.®: !° 

While it is not clear which specific proposals will, in the long run, prove 
most practical for the solution of the problem of protein malnutrition in so- 
called underdeveloped areas, a concerted attack with strong international 
Support is being made on the problem. It is evident from the papers and 
discussions in this publication that substantial progress is being made, and that 
the next few years will be exciting ones for persons interested in this field. 
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J. B. Atrtson (Rutgers University, New Brunswick, N. J.): I propose to 
discuss some results of a study undertaken cooperatively by the Bureau of 
Biological Research at Rutgers University and a group of laboratories. These 
results, I believe, will supplement Hundley’s very excellent paper. 

The investigators conducting this investigation selected the following protein 
sources for study: whole egg, egg albumin, beef, casein, peanut flour, and 
wheat gluten. They determined the amino acid pattern in each, and the 
nutritive values when fed to the mouse, rat, dog, and man. ‘The data obtained 
emphasized the importance of an adequate daily nitrogen intake to the welfare 
of the individual and, furthermore, established the fact that the efficiency of 
utilization of that intake was a function of the pattern of the dietary amino 
acids. If, for example, 0.4 gm. protein/day/kg. of body weight is required 
for maintenance in adult man, then that requirement could be met by feeding 
approximately 0.4 gm. of egg protein/day/kg. If, on the other hand, 0.4 gm. 
of wheat gluten was fed, only 0.16 gm. would be contributing to tissue synthesis, 
the remainder being oxidized in energy pathways. Approximately 1 gm. of 
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wheat gluten/day/kg. of body weight would be needed for maintenance of 
nitrogen equilibrium. The data obtained, however, indicate that if the bio- 
logical value is low it is better to improve the pattern of amino acids by supple- 
mentation with other dietary proteins than simply to increase the intake to 
meet the requirements for essential amino acids. Improvement through 
supplementation is particularly important for growth. 

Indeed, the requirements for essential amino acids probably are relatively 
quite low. Feeding sufficient egg protein to meet the requirement for main- 
tenance supplies at least twice the minimum requirement for amino acids 
determined through experiments involving feeding of these acids. It may be 
possible to reduce the amount of egg protein below so-called maintenance re- 
quirements if some form of nonessential nitrogen is added to supply the det- 
icit in nitrogen. 

It might even be said that the primary need is for nitrogen, with a pattern 
of essential amino acids that will permit maximum utilization—that, in general, 
the limiting factor is the pattern and not the quantity of essential amino acids 
in the diet. A reference pattern for evaluating dietary proteins has been 
sought for some time. The pattern of essential amino acids represented by 
egg proteins is often used for reference because of the high biological value of 
these proteins. It is believed, however, that the reference could be developed 
from various studies of minimum requirements for amino acids, that egg protein 
might possess some of the essential amino acids in more or less excess. Using 
such a “luxury” excess might overemphasize some essential amino acid defi- 
ciencies in other protein sources. Whether this is true or not, the develop- 
ment of the reference pattern through experiments with mixtures of essential 
amino acids would give an experimental background to the pattern. The 
Committee on Protein Requirements of the Food and Agriculture Organization 
of the United Nations, therefore, studied all the available data on minimum 
requirements for essential amino acids for maintenance and for growth. This 
study resulted in the following reference pattern, which Scrimshaw has also 
described in his excellent paper. This pattern is expressed as mg. amino acid 
per gm. of nitrogen: isoleucine, 270; leucine, 306; lysine, 270; phenylalanine, 
i80; tyrosine, 180; sulfur amino acid total, 270; methionine, 144; threonine, 
180; tryptophan, 90; and valine, 270. This reference, which will appear in 
the report of the committee, should not be taken either as final or ideal. It 
may vary with physiological state, age, and species, but it represents a first 
step in the determination of minimum requirements for the estimate of nutri- 
tive value of dietary proteins. 


ECONOMIC ASPECTS OF AMINO ACID SUPPLEMENTATION 


By N. W. Flodin 
Electrochemicals Department, E. I. du Pont de Nemours & Co., Inc., Wilmington, Del. 


I propose to make a few comments regarding the impact of economics on 
the question of supplementing foods with amino acids. Economics has a 
direct bearing on the various aspects of amino acid imbalance discussed by 
Harper and also on the possible use of amino acids in alleviating the protein 
nutrition problems described by Hundley and by other contributors to these 
pages. 

First, there is the possibility mentioned by Harper that amino acid supple- 
mentation may, under some circumstances, precipitate a vitamin deficiency 
state. It must be recognized at the outset that any vitamins and minerals 
that may be needed can today be supplied to the diet at relatively minor cost. 
Any program of amino acid supplementation should, therefore, have as a 
necessary accompaniment the provision of those vitamins and minerals known 
to be present in marginal quantity. 

Next, we must consider the economic probabilities of multiple amino acid 
supplementation; that is, the addition of several essential amino acids at one 
time. If we must supplement a ton of food with 3 or 4 lb. of the first limiting 
amino acid, 2 lb. of the next limiting, 1 lb. each of the third and fourth limiting 
amino acid, and so on, we shall arrive at an economic impasse. The final cost 
per ton of supplemented food will be impossibly high. In practice, we shall 
probably be forced to confine amino acid supplementation to meeting only 
the primary limiting deficiency or, in some cases, where 2 amino acids are 
almost equally short, to meeting the first and second limiting deficiencies. 

Now, to what extent do we supplement to meet the first, or the first and 
second, limiting deficiencies? Economics tells us we must use the very least 
amount of supplement that will do a satisfactory job. As Rosenberg’? and 
Waddell? have recently pointed out, the way to determine this amount is to 
“titrate” the growth response or nitrogen retention against successive small 
additions of amino acid. A range of supplementation levels is explored with a 
number of experimental groups, and the supplement level is varied by very small 
increments, frequently to be measured in terms of hundredths, rather than 
tenths, of one per cent of the diet. If the response to the first limiting amino 
acid is plotted against the logarithm of the percentage of that amino acid in 
the diet, according to the general method described by Almquist,*° the 
response reaches a plateau at the point where the first limiting amino acid has 
come into balance with the second limiting amino acid (riGurE 1). Further 
additions of the first limiting amino acid will now have no further effect until, 
at excessive levels, they may produce a growth depression due to amino acid 
imbalance. Obviously, economics dictates that no more be used than will 
bring the response close to the plateau level. eo 

If the attempt is made to remedy the second limiting deficiency, then the 
levels of both the first and second limiting amino acids must be increased to a 
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point where they are in balance with the third limiting amino acid, as well as 
with each other. This is obviously a much more complicated problem. 

It is apparent that the stringencies of economics will operate to help achieve 
the end results desired by Harper and others who are concerned about the 
possibility of producing imbalances by adding amino acids. — 

My final application of economics to amino acid supplementation is prompted 
by Hundley’s description of an odorless fish flour, containing / 0 to 80 per cent 
protein, that can be purchased in bulk in some places for 12 tous cents per 
pound. This is a phenomenally low price for high-quality protein. In 
comparison, nonfat dry milk, containing 36 per cent protein, costs about 15 
cents per pound in carload lots in the United States. Low-cost fish flour 
therefore provides us with a rather critical yardstick against which to measure 
the potential long-term price of lysine. 


RESPONSE 
(e.g. TOTAL 
NITROGEN GAIN 
IN. STANDARD 
GROWTH PERIOD) 


A : 
LOG % LIMITING AMINO ACID IN DIET 
Figure 1. Determination of amount of first limiting amino acid required for balance with 
second limiting amino acid. Point A, A’ represents the response obtained with unsupple- 
mented protein. Point B, B’ is the point of balance. From the difference B’/—A’ may be 
calculated the amount of supplementary amino acid needed to give the optimum balance. 


It is not strictly proper to measure a complete protein against a single amino 
acid, as the one increases the total amount of protein in the diet, while the 
other merely changes the amino acid balance. However, a comparison is 
possible if one remembers that in the long run the body can use for its nutrition 
only units of balanced protein, the remainder of the dietary protein being 
wasted. Hundley has told us that 10 gm. of fish flour can be added to a diet 
at a cost of roughly one fourth of one cent per day. This adds 7 to 8 gm. of 
fish protein. Let us assume that the addition is to a diet providing 50 gm. of 
protein entirely from wheat. The biological value of wheat protein is generally 
accepted to be about one half that of meat or milk protein, so that this 50 gm. 
would have a nutritional value equivalent to about 25 gm. of a balanced pro- 
tein such as casein. There is evidence from human studies,”’ § as well as from 
the animal studies described by Allison in these pages, that wheat protein 
supplemented with lysine has a protein value similar to that of casein. 

Animal feeding studies indicate that a mixture of equal parts animal and 
wheat protein also has about the same biological valueas casein. Let us assume 
that this observation applies to humans as well. Then, if we add 7 to 8 gm. 
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of fish protein to our hypothetical diet, we shall balance 7 to 8 gm. of wheat 
protein, making a total of 14 to 16 gm. of balanced “fish-wheat” protein and 
leaving 42 to 43 gm. of unbalanced wheat protein. The unbalanced portion 
of the protein will have a nutritional value equivalent to 21 to 21.5 gm. of 
casein. In all, the total “balanced protein equivalent’ of the diet will be 
da. to. 37 gm. The added cost of 10 gm. of fish flour containing 70 to 80 
per cent protein, at 12 to 13 cents per pound, will be 0.264 to 0.286 cents. 

How much added L-lysine monohydrochloride would it take to raise the 
balanced protein value of 50 gm. of wheat protein from 25 gm. to 35.5 to 37 
gm.? If we add enough lysine to balance 21 gm. of the 50, then, since the 
unbalanced protein remaining (29 gm.) will be nutritionally equivalent to 14.5 
gm. of balanced protein, we shall have a total “balanced protein equivalent” 
of 35.5 gm. Similarly, if enough lysine is added to balance 24 gm., the re- 
maining 26 gm. of unbalanced protein will contribute the nutritional equivalent 
of 13 gm. of balanced protein, and we obtain a total ‘balanced protein equiva- 
lent” of 37 gm. At the generally recommended fortification level of 0.25 per 
cent L-lysine monohydrochloride by weight of 12 per cent protein flour which, 
by animal experiments, doubles the protein value of the flour, we shall need 
0.437 gm. to balance 21 gm. of wheat protein and 0.50 gm. to balance 24 gm. 
Equating these quantities of supplement to the cost of 10 gm. of fish flour, 
we arrive at an equivalent cost for L-lysine monohydrochloride in the range of 
$2.40 to $3.00/lb. It does not seem too visionary to expect the price to ap- 
proach at least the upper end of this range, given a market large enough to 
bring about the full economies of mass production. 

These calculations have been carried out with much more precision than 
our knowledge warrants. They are presented merely to indicate that the 
cost of amino acid fortification, at least in the case of lysine, is potentially in 
the range of very low-cost protein additives. Nor is it intended to suggest 
that amino acid fortification should be regarded as competitive with the use 
of protein supplements. Ideally, the solution to protein deficiency problems 
will involve the greatest practicable use of available proteins jointly with 
amino acid fortification to develop maximum biological value. We should 
bear in mind, however, that, in view of the great difficulties involved in devel- 
oping acceptable protein concentrates, amino acid fortification could in many 
cases bring about an improvement in the nutritional status of protein-deficient 
populations far more speedily than any other means we can now foresee. 
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GENERAL SUMMARY 


By Fredrick J. Stare 
Harvard University School of Public Health, Boston, Mass. 


It is interesting that no one in these pages has asked the question: What 
are the absolute protein needs of children? The opinions of contributors who 
have the task primarily of taking care of sick children and keeping well children 
well have differed from those of people who are primarily theorists and experi- 
mentalists. I think we can say, generally, that the experimentalists are of 
the opinion that a modest amount of protein is fine for all practical purposes. 
On the other hand, those whose primary job is dealing with the patient and 
with the parent tend to believe that a generous amount of protein is a desirable 
thing in the diet of children in the United States. “ne 

Behind some of these differences of opinion is the old question of minimum 
and optimum intakes. For almost any nutrient we might mention there is 
most likely a minimum intake necessary for life, an optimum intake compatible 
with excellent health and, finally, an excessive level of intake that is injurious. 
It is comparatively easy to define the minimum intake and the level that will 
cause injury. It is usually very difficult to define an optimum intake, however, 
because we are not so clear on what constitutes optimum health or how to 
measure it. 

I believe one of the important things in this monograph is the presentation 
by Stearns and Johnston of some criteria for optimum protein nutrition in 
children and adolescents. Few parents in this country would dispute the 
desirability of giving their youngsters sufficient protein to assure them of good 
musculature in order to help them maintain good posture, to help provide 
them with a normal childish exuberance and energy, and to help them resist 
tuberculosis and rheumatic fever. On the other hand, in many parts of the 
world the question of optimum protein nutrition is academic, while the impor- 
tant problem is simply to meet the minimum; that is, to get enough protein, 
or protein of sufficiently high quality, into these children to keep them alive. 
In the more technically developed countries it will be possible to aim at opti- 
mum nutrient intakes, but for much of the world we shall probably have to be 
content if we can achieve minimums. 

The second thing of interest to me is the emphasis placed by some of the 
contributors on individual variability. In this connection I cite the two cases 
presented in Stuart’s paper: one child at the top of the percentiles and the 
second child at the bottom of the percentiles. Stuart stressed the high degree 
of variability among individuals observed by his group. 

We should note here also that the previous dietary history and stresses to 


which the child has been exposed can cause lar 


ge variations in protein require- 
ments. ‘Thus, the 


intakes of 6 to 8 gm. or more of protein per kilogram of 
body weight consumed by kwashiorkor patients during recovery are not too 
high for these unfortunate children, but might be clearly excessive for children 
whose protein reserves had not been so depleted. 
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A third point I note is the importance of the amino acid pattern. Protein 
requirements may be high or low, depending on variables such as those we have 
just discussed, but whatever they are, it seems always desirable to meet the 
requirements, insofar as possible, with protein of high biological value, that is, 
one having an amino acid pattern that permits efficient utilization of protein 
by the body. The animal proteins are of this type, and it appears possible to 
“synthesize” such proteins by supplementing low-quality vegetable proteins 
with certain amino acids, provided we avoid the addition of wasteful excesses. 

A fourth thing of interest is the emphasis that a number of the contributors, 
for example, Talbot, Allison, and Abbott, place on the importance of considering 
calories in relation to the protein requirement. One could almost say that it 
is impossible to talk about protein requirement without saying something in 
the same breath about the calories available. 

A fifth point that interests me is Walker’s description of the remarkable 
nature of the Bantu people; also his mention of a problem frequently en- 
countered in technically underdeveloped areas: the tendency of the mother 
to make the infant feeding mixtures too dilute. I remember, a year 
ago, visiting one or two primitive localities, not far from Dakar, where milk 
powder was being distributed. The young men in charge of this distribution 
said they found it difficult to persuade the mothers to use enough of this powder. 
The women used only enough to make a chalky looking mixture, and that is 
what they gave to their children. If only they would have made it more 
concentrated! It seems to me that in the United States most of us behave in 
just the opposite way. 

A sixth point, made in Hundley’s paper and referred to briefly in previous 
discussions, is the possibility of overcoming protein deficiencies in various 
parts of the world by using vegetable proteins and mixtures of vegetable 
proteins with fish flour, various types of beans, peanut flour, and milk, as well 
as the possibility of increasing the protein quality of the staple food of various 
areas by the use of crystalline amino acids. The addition of fish flour, vege- 
table mixtures, and dried skim milk to the native diet, however, creates prob- 
lems of education, technical ‘“‘know-how,’’ adequate production, and distribu- 
tion. 

I think many of us whose primary interest is research in nutrition are apt 
to overlook the fact that the findings of research are not enough. Some 
means of communication must be found to transmit to people in various parts 
of the world, including those in the United States, an understanding of the 
principles and the importance of good nutrition. 

About a year ago, in Lagos, Nigeria, I visited a laboratory of physiology 
where W. S. S. Ladell was carrying out nitrogen-balance studies on 10 or 12 in- 
dividuals. Ladell was adding peanut flour in various proportions to gari, the 
native dish of Nigeria, which is fermented cassava. Ordinarily this dish 
makes up 90 per cent of the native diet. Ladell showed that by introducing 10 
or 15 per cent peanut flour into this diet he could produce a positive nitrogen 
balance. He found he could introduce as much as 45 per cent in the fermented 
cassava and still have a product perfectly acceptable to his 12 subjects. 
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However, he made this interesting comment: “That is fine. We know that 
if you add peanut flour to cassava you will have a much better EEC 
mixture. But how can you persuade the people to add the peanut flour? 

This is a question of education. In addition, I think, in the case of such 
supplements as fish flour and soy products, there is not only a tremendous 
problem of education (by no means do I intend to imply that it isa problem 
impossible to solve), but there is also a problem of manana, or human inertia. 
I mention this because about five years ago in Indonesia I was told ahout the 
soy milk factory about to be completed there by WHO, FAO, and UNICEF. 
Since my visit I have maintained correspondence with friends in Indonesia, 
and this plant, I gather, is still “about to be completed.” This tremendous 
problem of inertia exists in other parts of the world, and in the United States 
also; and when our hopes for improving the nutrition of a region are based 
upon the installation of plants intended to provide such nutrients as soy prod- 
ucts and fish flour, it becomes a very practical problem. 

The last point, and probably the most important, is the concept of the 
balanced diet or balanced nutrition. This monograph deals primarily with 
protein nutrition. We have discussed, briefly, balance in protein nutrition. 
As mentioned earlier, calories, for example, are part of the picture. Although 
we make one type of nutrient the subject of this publication, we all know that 
balanced nutrition is the important consideration. 

What is balanced nutrition? It is the type of nutrition that supplies a sufh- 
clency, but not an excess, of calories coming from both carbohydrate and fat, 
and perhaps from unsaturated fatty acids, in adequate ratio with other essen- 
tial nutrients, including vitamins, minerals, and amino acids. Insofar as I 
know, the simplest way to achieve balanced nutrition is to have a variety of 
foods, a variety even within various groups, and not too many calories. How- 
ever, most of the world cannot enjoy this ideal type of diet and, even in the 
United States, many people do not take proper advantage of the variety of 
our foods in order to achieve a balanced diet. So let us keep in mind that a 
balanced diet is really the nub of this whole problem, and that most of us are 
trying to find out what a balanced diet really is. More accurately speaking, 
how can we provide a balanced diet in Lagos or Guatemala, or for the Bantu, 
as well as for the New Yorker? We must apply our knowledge of nutrition 
in order to secure diets well balanced in essential nutrients, even when a 
variety of foods is not available. 

Finally, I should like to emphasize once more the importance to the cause 
of good nutrition of applying the techniques of motivation, communication, 
and education. What are the most effective and practical ways of translating 
our knowledge of nutrition into courses of action that will bring about a higher 
level of health for people in all parts of the world? 
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